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Abstract 
A number of salts of the type R3P~ As+R2 PF 6- have been prepared by the 
reaction of tertiary phosphines with diorganoiodoarsines in dichloromethane-aqueous 
ammonium hexafluorophosphate mixture. The salts are air-stable crystalline solids. 
Several prochiral salts of the type R3P~As+MePh PF6- were also prepared by the two-
phase method. For Me2PhP~ As+MePh PF6- in dichloromethane-d2, the PM e groups 
are diastereotopic at 298 K, but coalesce at 313 K. These data were used to calculate 
~G+ for the rearrangement (73 kJ mol-1 ), which may involve pyramidal inversion at 
arsenic or phosphorus-arsenic dissociation. Consistent with weak As-P bonds in the 
adducts, the mixing together of equimolar dichloromethane-d2 solutions of 
MePh2P~As+Me2 PF6- and (±)-Ph3P~As+MePh PF6- resulted in rapid crossover(< 1 
min) to give a thermodynamic mixture of the starting materials with (±)-
MePh2P~As+MePh PF6- and Ph3P~As+Me2 PF6-. 
The crystal structure of the (±)-Ph3P~As+MePh PF6- was determined. The 
P-As distance of 2.348 A in the salt was close to the value of 2.346(2) A found in the 
only other similar salt to be structurally characterised; the sum of the covalent radii of 
the two atoms is 2.31 A. The arsenic(III) stereocentre in the cation is coplanar with the 
aromatic ring, which suggests considerable delocalisation of charge. The 
phosphorus-arsenic bond is almost orthogonal to the trigonal plane containing the lone 
pair of electrons and the methyl and phenyl groups. The sense of chirality at arsenic is 
determined by the direction of attack of the phosphine above or below the plane of the 
prochiral arsenium ion. Solid state structural data have also been obtained for the 
corresponding 2-methoxymethylphenyl-substituted phosphine adduct, viz. (±)-(2-
MeOCH2C6H4)Ph2P~As+MePh PF6-. The 2-methoxy-O atom interacts with the 
arsenic, As-0 2.878(1) A (sum of van der Waals radii, 3.4 A), and the As-P distance of 
2.3703(5) A is longer than the corresponding distance in the triphenylphosphine 
analogue. The weakening of the P-As bond in the 2-methoxymethylphenyl compound 
is reflected in the lower coalescence temperature observed for the AsMe resonance in 
the 1 H NMR spectrum in dichloromethane-d2, viz. 287 K for the triphenylphosphine 
compound and 273 K for the 2-methoxymethyl compound. For (2-
lV 
MeOCH2C6H4)Ph2P~As+MePh PF6-, ~ G+ = 63 kJ mol- 1 . The anchimeric 
methoxymethyl-0-As interaction reduces electropositive character at arsenic with 
concommitant weakening of the P-As bond. 
The reaction of (±)-Ph3P~As+MePh PF6- with n-BuLi in THF gave (±)-(n-
Butyl)MePhAs with displacement of the phosphine. Thus, enantiopure phosphine-
stabilised arsenium salts are potential intermediates for the asymmetric synthesis of 
chiral tertiary arsines. The viability of this route to enantiomerically pure chiral arsines 
was investigated by introducing chirality in the phosphine auxiliary at three sites: the 
phosphorus stereocentre itself, as in (R *p,R*As)/(R*p,S*As)-(±)-(2-
MeOCH2C6H4)MePhP~As+MePh PF6-; a benzylic carbon stereocentre, as in 
(Sc,S As)/(Sc,RAs)-(-)-(2-MeOCH(Me )C6H4)Ph2P~ As+ Me Ph PF6-; and, by 
introducing an axially dissymmetric substituent, as in (Sc,S As)/(Sc,RAs)-( + )-{ 4-(2-
methoxymethylphenyl)-4,5-dihydro-3H-dinaphtho[2, 1-c; l ',2'-e ]phosphepine }methyl-
pheny larsenium hexafluorophosphate. The introduction of chirality at the phosphorus 
stereocentre was futile because the reaction of the iodoarsine with the phosphine caused 
racernisation at phosphorus. Chirality at the benzylic carbon stereocentre was 
moderately influential when nucleophilic addition to the phosphine-stabilised arsenium 
salt afforded (S)-(n-butyl)methylphenylarsine of 20% enantiomeric excess (ee) when the 
reaction was carried out in dichloromethane at -80 CC. An ee of 30% was obtained 
when the methoxymethyl group in the precursor salt was replaced by a 
benzyloxyrnethyl group. The phosphepine salt gave excellent results, however: for the 
methylphenylarsenium salt in dichlorornethane at -80 CC, the R arsine was produced in 
72% ee; for the corresponding rnethyl(l-naphthyl)arsenium salt, the ee was 77%. The 
results have been rationalised in terms of predominant SN2-type nucleophilic attack of 
the n-buty 1 anion at arsenic from the side opposite the phosphine on each diastereorner 
of the phosphine-stabilised arseniurn salt in their thermodynamic proportions under the 
reaction conditions. The absolute configuration of the (±)-(n-butyl)methylphenylarsine 
produced was determined from knowledge of the X-ray crystal structure and 1 H NMR 
spectra of an ortho-metallated (S)-( + )-[(1-naphthyl)ethyl]dirnethylamine-palladiurn(II) 
complex containing (R)-(n-butyl)rnethylphenylarsine. 
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Chapter 1 2 
1.1 Chirality 
The concept of chirality was first introduced by Lord Kelvin in 1884. 1 Built 
upon the symmetry properties of three-dimensional objects, an object is chiral if it is not 
superimposable upon its mirror image. 2 In the absence of a chiral influence, enantiomers 
have identical chemical and physical properties. 2 When introduced to an external chiral 
influence, however, the enantiomers behave differently from each other. For example, 
the chiral olefactory receptors in the nose can distinguish the difference between the 
enantiomers of carvone: (R)-carvone, (R)-(1.1), is responsible for the spearmint odour, 
(S)-carvone that of caraway. t 
H3 
(R)-1.1 
The significance of enantiomerically pure compounds to the pharmaceutical 
industry is profound. A good illustration of this was seen in the early 1960s with the 
drug thalidomide, 1.2. This drug was administered as a sedative in the racemic form 
( equal mixture of both enantiomers ). Both enantiomers had a sedative effect, but (S)-
(-)-thalidomide caused foetal deformities during pregnancy. 4 As the receptor site for 
the drug was itself of one helicity, the two enantiomers of the (±)-thalidomide interacted 
differently, which resulted in different chemophysiological effects for the two forms of 
the drug. 
t The stereochemical descriptors R and S are assigned by application of the Cahn-Ingold-Prelog (CIP) 
sequence rules to the specifying absolute configurations (see Cahn, RS.; Ingold, C. K.; Prelog, V. 
Angew. Chem., Int. Ed. Engl. 1966, 5, 385. 
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~o 
~o 
H 
(S)-(-)-1.2 
3 
The technique of separating or 'resolving' enantiomeric pairs of molecules has 
been of interest to chemists for over 150 years. In 1849, Louis Pasteur (1822-1895) 
performed the first 'resolution' of a chiral compound by hand-sorting crystals of sodium 
ammonium tartrate, which crystallised as a conglomerate of enantiomorphic crystals. 
Today, an important method of separating enantiomers, especially of chiral ligands such 
as tertiary phosphines and arsines, is to prepare diastereomeric metal complexes 
containing an enantiomerically pure auxiliary ligand. The diastereomers of the complex 
are separated by fractional crystallisation or chromatography, and the individual 
enantiomers of the resolved ligand are liberated from the configurationally homogenous 
diastereomers by treatment with a stronger ligand. 
In the sections that follow, the properties of chiral tertiary arsines and their 
resolution and stereoselective synthesis are reviewed. 
1.2 Tertiary Arsines - Configurational Stability 
Tertiary arsines chiral at arsenic are attractive targets for resolution because of 
their high barriers to unimolecular inversion, viz. Einv > 40 kcal mol-1 for (±)-
AsR 1 R 2R 3. For example, the free energy of activation (,~G+) for pyramidal inversion, 
for (±)-ethylmethylphenylarsine is 175 ± 2 kJ mol-1 at 217.6 °C in decalin. This 
corresponds to a half-life for racemisation for the arsine of 740 hat 200 °C. 5 Optically 
active tertiary arsines, however, racemise rapidly in solutions containing 
halogenoacids. 6•7 The rate of racemisation of the tertiary arsine is proportional to the 
square of the concentration of the acid and increases with the nucleophilicity of the 
counterion of the acid: I->>> Br >> Cl- > F- > S042-.8 The mechanism for the 
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racemisation of the arsine by the halogenoacid is considered to involve a five-
coordinate arsenic(V) intermediate, which undergoes Berry pseudorotation (Scheme 
1.1). 
Scheme 1.1 
r +HX 
R1-tS···,,,R3 
R2 
-HX 
r ,,R3 
RLts~R2 
X 
-HX 
+HX 
r 
RJ,,··-tS.......R1 
R2 
Unlike optically active quaternary phosphonium salts, which are stable to both 
thermal and acid-catalysed racemisation, quaternary arsonium salts racemise in 
chloroform at 376 K in the presence of halide ions (Cl- << Br < I-). The rate of 
racemisation is solvent dependent, being more rapid in dipolar aprotic solvents (acetone 
< chloroform < benzyl chloride < acetonitrile < dimethyl formamide < dimethyl 
sulfoxide).9 For example, ( + )-[AsAmylBnEtPh]Br is completely racemised over ca. 1 h 
at 20 °C in chloroform. 10•11 The mechanism is again consistent with a pathway 
involving Berry pseudorotation of a transient five-coordinate halogenoarsenic(V) 
intermediate (Scheme 1.2). 
Scheme 1.2 
r x-
R1-tS····,,R3 
R2 
r ,,R3 
RLAs, 2 
I R 
R4 
1.3 Tertiary Arsine - Resolution 
r x-
R3,···-ts.......R1 
R2 
A non-cyclic arsonium salt of the type (±)-[AsR 1R2R3R4]X was first resolved in 
1921.12 Several years later, the resolution of an arsine sulfide of the type (±)-
R 1 R 2R 3 As=S was achieved, 13 and in 1934, the resolution of a heterocyclic tertiary 
arsine was reported. 14 In 1939, the configurational stability at arsenic was established 
by the separation of the two diastereomers of a simple non-cyclic diarsonium picrate. 15 
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Non-cyclic optically active arsines of the type (±)-AsR 1 R2R3 were subsequently 
obtained from resolved arsonium salts of the type (±)-[AsR 1 R2R3R4]Cl04 by 
electrochemical removal of the benzyl or alkyl group under acidic conditions.16 The 
first resolution of a tertiary arsine in a metal complex was reported in 1969,17 and the 
use of an optically active ortho-metallated palladium(II)-amine complex as a resolving 
agent for the resolution of tertiary arsines of the type (±)-AsR1R2R3 was performed in 
1979. Metal complexation also allows the determination of enantiomeric purities of 
tertiary arsines by examining the NMR spectra of appropriate metal complexes 
containing an enantiopure reference ligand. 18 In 1990, the asymmetric reductive 
biomethy lation of a prochiral dialky larsinic acid was shown to proceed with 40% 
enantiomeric excess ( ee) in favour of the R enantiomer. 19 
The three most important routes to enantiomerically enriched arsines are the 
following: direct resolution via salt forming groups attached to arsenic; resolution via 
arsonium salts; and resolution by separation of diastereomeric metal complexes. Chiral 
arsines can also be synthesised stereoselectively from arsinic(V) acid esters and the 
esters of arsinous and arsinthious acids. The various methods will be discussed in the 
sections that follow. 
1.3.1 Resolution of Arsines via Diastereomeric Salts 
The resolution of a heterocyclic tertiary arsine, chiral at arsenic, was first 
reported in 1934. 14 Fractional crystallisation of the (-)-strychninium salts of 10-
methylphenoxyarsine-2-carbo~ylic acid gave the enantiomers of 1.3, after treatment of 
the individual diastereomers of the salt with dilute hydrochloric acid. 
C(~ I h' 
As C02H 
lie 
(±)-1.3 
Phenoxarsines of this type are optically stable in boiling ethanol and can be 
recovered unchanged from lN sodium hydroxide after several hours at 100 °C. The 
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enantiomers of (±)-1.3, however, racemise over 15 h in ethanol containing iodomethane 
or iodoethane. 20 Although phenoxarsines were the first tertiary arsines to be resolved, 
the optical activity in the molecules was at first incorrectly attributed to the 
conformational rigidity of the folded rings, rather than to the configurational stability at 
arsenic. It was not until the 5, 10-dihydroaracridine (±)-1.4 and the non-cyclic 
triarylarsine (±)-1.5 were resolved that it became clear that the resolved phenoxarsines 
owed their optical activity to configurationally stable arsenic stereocentres.21 
~' T 
C02H 
(±)-1.4 
T 
~tYiYC02H 
vnV 
~' l 
Ph 
(±)-1.5 
Because of the doubts concerning the origin of the optical activity in resolved 
phenoxarsines, 9-phenyl-9-arsafluorene (1.6) was synthesised. An X-ray crystal 
structure determination on this compound established the planarity of the tricyclic ring 
system and the pyramidal nature of the arsenic stereocentre. 22 
s 
Ph 
1.6 
The partial synthesis of a non-cyclic chiral arsonium salt was first achieved in 
1921. 12 (±)-Benzylmethyl( a-napthyl)phenylarsonium (-)-a-bromocamphor-n-sulfonate 
(BCS-), (±)-(1.7), was synthesised and one diastereomer isolated by fractional 
crystallisation. This was converted into the ( + )-arsonium iodide ( + )-1.8, which quickly 
lost its optical activity in chloroform due to the influence of the iodide. It was not until 
many years later that it was realised that arsonium ions racemise in the presence of 
halide ions, especially iodide, in ion-pairing solvents. It was fortunate that the 
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diastereomers of (±)-1.4 and (±)-1.5 were decomposed with 0.1 N sulfuric acid, rather 
than hydrochloric acid. 8 
t 
pl( f8'' B n 
a-Naph 
x-
(±)-1.7 x- = Bcs-
(+)-1.8 x- = 1-
Perhaps the best anionic resolving agent for chiral arsonium (and phosphonium) 
salts is (R,R)-(-)-dibenzoylhydrogentartrate. With the use of this reagent, ( + )- and (-)-
benzy lethy lmethy l phe.ny larsoni um perchlorate (1.9) and ( + )-benzyl(n-
butyl)methylphenylarsonium perchlorate (1.10) were obtained after exchange of the 
tartrate. 16 
r: 
pl(,~Bn 
R 
x-
1.9 R = Et, x- = Cl04-
l.lO R = n-Bu, x- = Cl04-
i• 
pl(f&...R 
Me 
1.11 R = Et 
1.12 R = n-Bu 
1.3.2 Resolution of Arsines via Arsonium Salts 
Optically active tertiary arsines can be synthesised by decomposition of an 
optically active arsonium salt containing an allyl or benzyl group at a mercury electrode 
in ethanol or water. 16 Removal of a benzyl group from the resolved arsonium ions 1.9 
and 1.10 as toluene by electrochemical reduction at a mercury electrode yielded the 
corresponding tertiary arsines, viz. ( + )- and (-)-ethylmethylphenylarsine (±)-(1.11) and 
(+)-(n-butyl)methylphenylarsine (+)-(1.12). It was not until 1984, however, that the 
absolute configuration of a resolved arsonium salt was determined. 23 (R)-( + )ss9-
Benzylmethyl( 4-methylphenyl)(naphthalen-1-yl)arsonium bromide, (R)-( + )-1.13, and 
hexafluorophosphate, (R)-( + )-1.14, were obtained by exchange of the (R, R)-(-)-
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dibenzoylhydrogentartrate with the appropriate anion by ion-exchange 
chromatography.1 The crystal and molecular structures of the two salts were 
determined. Removal of the benzyl group from (R)-( + )-1.13 was achieved by a Wittig 
reaction involving sodium ethoxide and benzaldehyde, which furnished (S)-(-)-
methyl( 4-methylphenyl)(naphthalen-1-yl)arsine (S)-(-)-(1.15) in high yield, along with 
(R,R)-( + )-trans-2,3-diphenyloxirane of 23% enantiomeric excess (ee).23 
r: 
,/As..,, 
p-Tor l a-Naph 
x-
Bn 
(R)-(+)-1.13 x- = Br 
(R)-(+)-1.14 x- = PF6-
r 
As 
p-Tor \''Me 
a-Naph 
(S)-(-)-1.15 
Potassium or sodium amalgams in methanol can also be used to reduce 
benzy larsonium salts with retention of configuration at arsenic. For example, the 
amalgams acting on (R)-(+)-[AsBn(n-Bu)MePh}Cl04, (R)-(+)-(1.18), afford (R)-(- )-
As(n-Bu)MePh, (R)-(-)-(1.19), in high yield (Eqn 1.1).24 
e 2e- rh 
,,,· f&...... C104- .A, + PhCH3 (1.1) Me Bn H+ , .. ·· \ . Me • 
n-Bu n-Bu 
(R)-( + )-1.18 (R)-(-)-1.19 
Reduction of (S)-( + )-[AsBnMePh(n-Pr)]Br, (S)-(+)-(1.20) , with lithium 
aluminium hydride (LAH) gives (S)-( + )-AsMePh(n-Pr), (S)-( + )-(1.21) (retention of 
configuration at arsenic) (Eqn 1.2).25-27 In contrast, benzylphosphonium salts react with 
LAH under similar conditions to give the racemic phosphine. Re-quaternisation of (S)-
1 The stereochemical descriptors (R,R) and (S,S) have been used throughout the thesis for the enantiomers 
of molecules containing two chiral stereocentres. The formal descriptors [R- (R*,R*) ] and [S- (R*,R*) ], 
which are assigned by application of the Cahn-Ingold-Prelog (CIP) sequence rules for specifying 
absolute configurations, are given with the systematic names in the Experimental Section. When the two 
stereocentres are different, subscripts denote the centre involved. 
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(+)-1.21 with benzyl bromide regenerates the arsonium bromide without loss of 
enantiomeric purity. 
r: 
n-Pr''···· f1-~ Br-I Bn 
LAH rh 
.As... 
n-Pr'',. \ "'-,;• + PhCH3 (1.2) 
Me Me 
(S)-( + )-1.20 (S)-( + )-1.21 
A resolved arsonium ion containing an allyl group bound to arsenic reacts with 
hot aqueous cyanide to produce the optically active tertiary arsine and methacrylonitrile. 
Thus, (S)-( + )-[AsAllMePh]Br, (S)-( + )-(1.22), undergoes cyanolysis to give (R)-( + )-
benzylmethylphenylarsine, (R)-( + )-(1.23), in 80% yield (Eqn 1.3).28 The reaction 
proceeds by an addition-elimination mechanism involving hydrolysis of a 
/3-cyanopropy larsoni um intermediate. 29 
~+ Br- CN- T FN 
Me" f s·,,, Bn Mi"'fs.·,,,Bn + H2c=G_ (1.3) CH3 Ph Ph 
(S)-( + )-1.22 (R)-( + )-1.23 
Base hydrolysis of an aqueous solution of (R)-(-)-allylmethylphenyl(n-
propyl)arsonium bi;omide, (R)-(-)-(1.24), furnishes (R )-(-)-methylphenyl(n-
propyl)arsine, (R)-(-)-(1.25), and allyl alcohol in a highly stereoselective manner with 
retention of configuration at arsenic (Eqn 1.4).30'31 Quaternisation of the arsine with 
benzyl bromide regenerates the arsonium bromide of 89.5% optical purity. 
~+ Br-
p!("t·,,Me 
n-Pr 
(R)-(-)-1.24 
OH- T 
plft',,Me 
n-Pr 
+ 
~OH 
H2C;==/' (1.4) 
(R)-(-)-1.25 
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Benzylidene transfer from an arsonium salt is a highly effective method of 
stereoselectively converting a benzylarsonium salt into a tertiary arsine. Thus, (R,S)-
(-)-[AsBnMePh { 2-C6H4(AsMePh)} ]Br, (R,S)-(-)-(1.26), reacts with alkali metal 
ethoxides to generate the semi-stabilised benzylidene ylide, which, when reacted with a 
benzaldehyde, affords enantiomerically pure (S, S)-(-)-1,2-C6HiAsMePh)i, (S, S)-(-)-
(1.27), and enantiomerically enriched (R,R)-( + )-2,3-diphenyloxirane (Eqn 1.5).23 ,32,33 
P\ ,~Me P\ /.Me A+ B-~ i(_Bn r NaOEt 
~As'---- HA,,Ph s • (1.5) 
s ,:,. PhCHO + s /• As As Ph H 
Ml\Ph M[\Ph 
(R, S)-(-)-1.26 (S, S)-(-)-1.27 (R,R)-( + )-1.28 
1.3.3 Resolution of Arsines via Metal Complexation 
1.3.3.1 Resolution of C 1-unidentates 
The formation and separation of a pair of internally diastereomeric metal 
complexes provides a valuable route to resolved tertiary arsines.34 The use of (R)-( + )-
or (S)-(-)-a-methylbenzylamine in conjunction with platinum(II) proved to be the 
successful combination for the resolution of trans-(±)-cyclo-alkenes and (±)-ethyl-p-
tolyl sulfoxide by separation of the corresponding diastereomeric complexes.35-37 
The use of metal complexes for the resolution of tertiary arsines was first 
reported in 1970, when (±)-ethylmethylphenylarsine (±)-(1.29) was resolved. 17 This 
resolution involved the formation of a pair of diastereomeric salts by the bridge-splitting 
of trans-[Pt2Cl4(AsEtMePh)2]·C10Hs with (R,R)-( + )-stilbene diamine (Scheme 1.3). 
The two diastereomers were separated by fractional crystallisation from chloroform and 
the enantiomers of the arsine were recovered by treatment of the individual 
diastereomers of the complex with an excess of cyanide. 
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Scheme 1.3 
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c1-
The method of forming and separating pairs of internally diastereomeric metal 
complexes was extended with use of palladium(II) complexes containing readily 
available, enantiomerically pure N,N-dimethyl(a-methylbenzyl)amine (1.30)38·39 and the 
analogous (1-naphthyl)amine 1.31.40 Although the naphthylamine complex is the more 
expensive of the two, the former undergoes highly regioselective reactions with most 
unidentates and unsymmetrical bidentates to give diastereomers in which the arsine (or 
phosphine) coordinates trans to the dimethylamino group. Thus, in 1990, the resolution 
of (±)-ethylmethyl(n-propyl)arsine was achieved by complexation with (S,S)-( + )-1.31; 
fractional crystallisation of the two diastereomers formed from benzene-n-pentane gave 
configurationally pure (S,SA5)-l.32a and (S,RA5)-l.32b. 19 
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iv1e2 ~ /c~<J;I 
Pd B 
I Y ~er "--- -~ ~ N Me Me2 
(S,S)-( + )-1.30 
Me2 
S Pd/ p 
MJDe,,.. N~ c~ 
~ ~ ~cru"---Me ·,,Me 
2 
,&' 
(S,S)-( + )-1.31 
Me2 Me2 
N~ /Cl 
Pd 
~ /Cl 
Pd 
I :f' 'f(~~e 
n-Pr 
I :f' 'fc::t 
n-Pr 
(S,S As)-l.32a (S,RA8)-1.32b 
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The stereoselecti ve synthesis of chiral tertiary arsines from prochiral arsinic 
acids by microorganisms has been established. Numerous microorganisms reductively 
methylate arsenic(V) compounds.41 When treated with a 1 % solution of ethyl(n-
propyl)arsinic acid, the mould Scopulariopsis brevicaulis growing on bread reductively 
methylates the acid to produce (R)-ethylmethyl(n-propylarsine), (RJ-1.33, in 60% ee 
(Eqn 1.6). 19 The enantiomeric excess was determined by trapping the volatile arsine 
produced with (S,S)-( + )-1.31 in toluene, and intergrating the AsM e peaks in the 1 H 
NMR spectrum of the diastereomers (S,S As)-1.32a/(S,RAs)-1.32b. 
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~ Scopulariopsis brevicaulis /t~ 
n-Pr OH Bread 
Et 
r 
... A~ 
n-Pi"' \ Me 
Et 
(R)-1.33 
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(1.6) 
The stereoselective synthesis of (±)-ethylmethylphenylarsine from 
phenylmethylarsine on iron(II) has been investigated as a potential route to 
enantiomerically pure tertiary arsines. The pure diastereomer (RAs)-1.34 was 
deprotonated at -65 °C to give the configurationally pure arsenido complex, which was 
alky lated with complete stereo specificity at this temperature. The tertiary arsine was 
displaced with cyanide to give optically active (R)-(-)-1.29 and the corresponding 
cyanoiron complex (Scheme 1.4).42 
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1.3.3.2 Resolution of C2-bidentates 
Complexes (±)-1.30 and (±)-1.31 are very effective resolving agents for chiral 
C2-bidentates. The regioselectivity of coordination of the bidentate to the palladium is 
immaterial here because only one pair of diastereomeric complexes is possible in the 
bridge-splitting reaction. (For C1-bidentates, however, two pairs of diastereomeric 
complexes can form if the bridge-splitting is non-regioselective). Thus, the reaction of 
(R*,R*)-(±)-1,2-phenylenebis(methylphenylarsine), (R*,R*)-(±)-1.35, with (S,S)-( + )-
1.30 affords in a high yield (Sc,SAs,SAs)-l.36a/(Sc,RAs,RAs)-l.36b after exchange of 
chloride for hexafluorophosphate (Scheme 1.5). 18 The less soluble diastereomer, 
(S0 SAs,SAs)-1.36a, was decomposed with hydrochloric acid to give (S,S)-(-)-1.37 and 
the hydrochloride of the optically active amine. Liberation of (R,R)-( + )-1.35 from 
(S,S)-(-)-1.37 was achieved with cyanide. The enantiomers of the arsine are air-stable 
crystalline solids. 
Scheme 1.5 
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1.3 .3 .3 Resolution of C 1-bidentates 
The C 1-bidentate (R*,R*)-(±)-1.38 can be resolved by the fractional 
crystallisation of the pair of diastereomers (phosphorus trans to nitrogen) generated by 
the bridge-splitting of (R,R)-(-)-1.30 with the racemate and exchange of chloride for 
hexafluorophosphate.43 The resolution of the (R* ,S*)-(±) form of the ligand, however, 
required the use of (R,R)-(-)-1.31. All four enantiomers of (R* As,R* p)/(R* As,S* p)-(±)-
1.38 were obtained in enantiomerically pure states by this route. 
M'/Ph 
~f~. 
~v· 
/\ 
Ph Me 
(R As,RP )-( + )-1.38 
M\/_Ph 
~f~. 
~S/• 
M?-..,Ph 
(RAs,Sp)-( + )-1.38 
Ph. Me 
)fY') 
·\~ 
Me Ph 
(S As,Sp)-(-)-1.38 
Ph. Me 
..,__, 
<fY') 
·"~ 
P~ Me 
(S As,Rp)-(-)-1.38 
Several As,N-bidentates were resolved with the use of (R,R)-(-)- and (S,S)-( + )-
1.31.40'44'45 One was (±)-methylphenyl(8-quinolyl)arsine, (±)-1.39. This arsine 
coordinates to the palladium in a regioselective manner (arsenic trans to nitrogen). The 
resolved arsines were displaced from the configurationally homogeneous diastereomers 
of the complex with 1,2-ethanediamine and the by-product palladium(II)-diamine 
complex was reconverted into (R,R)-(-)-1.31 by treatment with hydrochloric acid. The 
absolute configuration of (R)-(-)-1.39 was deduced from the 1 H NMR spectrum of 
(R, S As)-(-)-1.40 by comparison with that of the corresponding phosphorus compound 
for which the crystal and molecular structure had been determined. 
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QO ~ N 
Me'···As pif ~ 
Me x,~ R 2 
-N~ +/ I~ 
Pd s ~ --------}\ .& 
Pfi Me 
pp6-
R-(-)-1.39 (R, S As)-(-)-1.40 
The bidentate (±)-2-amino- l-(methy lpheny larsino )ethane, (±)-1.41, was 
resolved in similar fashion by separation of the diastereomers (Rc,RAs)-( + )- and 
(Rc,SAs)-(-)-1.42. The absolute configurations of the pure enantiomers of (±)-1.41 
were deduced from the 1 H NMR spectra of (Rc,RAs)-( +)-and (Rc,S As)-(-)-1.42.44 
Me.;\ 
"As NH2 / 
"· Ph • 
Me H 
R..,N 2 2 
~+/~ Pd~ s 
~ --._A 
. s 
i\ 
Me Ph 
(Rc,RAs)-( + )-(1.42) 
(±)-1.41 
Me H 
R -N 2 2 
~+/~ Pd ~ ------ R pp6-
As 
pef \ Me 
(Rc,S As)-(-)-(1.42) 
Unlike the A s , N-bidentates, the As, S-bidentate (±)-(2-
mercaptoethyl)methylphenylarsine, (±)-1.43, formed an unusual pair of µ-thiolato 
diastereomers when reacted with (R,R)-(-)-1.31.46 The less soluble dipalladium 
complex (S As,Ss,Rc,Rc)-(-)-1.44 was isolated and its crystal structure determined 
(Scheme 1.6). Treatment of (Rc,Rc,S As,S s)-(-)-1.44 with 1,2-ethanediamine removes 
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the terminal resolving unit, giving (Re S As)-(-)-1.45 from which the optically pure R-
, 
(-)-1.43 was liberated with cyanide. 
Scheme 1.6 
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1.3.3.4 Resolution of C2-quadridentates 
Template dimerisation of the enantiomers of deprotonated (±)-1.46 on 
palladium(II) with boron tribromide led to the synthesis of the first optically active 
macrocycles containing arsenic.47 
Me~fsH 
~ t~-
1 h' Me• 
(±)-1.46 
The bidentate precursors were obtained by fractional crystallisation of the 
corresponding µ-thiolato-bridg~d dipalladium(II) diastereomer analogous of those 
shown in Scheme 1.6. Cyclisation of (S,S)-(-)-1.47 with boron tribromide gave, after 
displacement from the metal with cyanide, (R,R)-(-)-1.48 in 66% yield, along with a 
13% yield of (R)-(-)-1.49 (Scheme 1.7). 
Scheme 1.7 
~OMe ~ ~ Met~ >J Me,,,AR ~ C ~-/P\ s Qi 
+ 
.As S S As Me',. \_J 
~M Me MeO e I ~ 
(S,S)-(-)-1.47 (R,R)-(-)-1.48 (R)-(-)-1.49 
The asymmetric synthesis of (R,R)-(-)-1.50 was achieved by the reaction of(±)-
1.51 with (R,R)-(-)-1.31 in methanol (Scheme 1.8). Following dissolution of the chiral 
auxiliary, (R,R)-(-)-1.31, and addition of (±)-1.51 (generated by acidification of (R* ,S*)-
1.50), the reaction mixture was treated with aqueous ammonium hexafluorophosphate, 
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which gave an almost quantitative yield of the diastereomers 1.52a/1.52b , both of 
which contained coordinated (R,R)-(-)-1.50. The yellow four-coordinate form of the 
complex was isolated when the product was recrystallised from 
methanol-dichloromethane; the orange five-coordinate linkage isomer 1.52b·0.5 
Me2CO crystallised from hot acetone.
45 Liberation of (R,R)-(-)-1.50 from 1.52a or 
1.52b was achieved with use of (R*,R*)-(±)-1,2-phenylenebis(methylphenylphosphine). 
Scheme 1.8 
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The linear tetra(tertiary arsine) CTAs4 quadridentate 1.53 was separated into the 
(R* ,R*) and (R* ,S*) diastereomers by the fractional crystallisation of dichlorocobalt(III) 
complexes in which the ligands act as quadridentates.48 Diastereomer (R* ,R*)-(±)-1.54 
formes a deep blue cis-a complex and (R * ,S*)-1.54 a green trans complex. 
Decomposition of the individual diastereomers of the complex with cyanide afforded 
configurationally pure (R* ,R*)-(±)-1.53 and (R* ,S*)-1.53. 
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)_.,,,Ph { .{ 
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../co s 
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Ph,,, I\ .,,,Ph c·A~ .. /j 
AsMe2 Me2As 
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1.3.4 Stereoselective Synthesis of Arsines 
The stereoselective synthesis of tertiary arsines of the type (±)-AsR 1 R2R3 is 
possible via the displacement of (-)-menthoxide from appropriate diastereomerically 
enriched thioarsinate menthyl esters at -78 °C with 2 equiv. of an alkyl- of aryl-lithium 
reagent in diethyl ether.49 Thus, the thioarsinic acid ester (R)-(-)-1.55 is converted by 
1 equiv. n-PrMgBr into (R)-(+)-1.56 and then into (S)-(+)-1.57 by addition of n-PrLi 
(Eqn 1.7).50,51 
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pl{is. .. .,Et n-PrMgBr 11 
OM 
/ As. .. en Ph \ "n-Pr 
Et 
n-PrLi Ts 
/ As..,, Ph \ 'n-Pr 
Et 
(1 .7) 
(R)-(-)-1.55 (R)-( + )-1.56 (S)-( + )-1.57 
Ethylphenylthioarsinic acid menthyl ester (R)-(-)-(1.58) reacts with dinitrogen 
tetroxide in nitromethane to give the ethylphenylarsinic acid menthyl ester (R)-(-)-1.59 
(Eqn 1.8). Treatment of this ester with n-PrMgBr in THF affords (R)-(-)-
ethylphenyl(n-propyl)arsine, (S)-( + )-1.60, oflow enantiomeric purity.50 
11 R N204 ~R 2 n-PrMgBr L 
Pir"fs·,,Et As /As, Prr"/ ··,, Pr-n (1.8) Ph J ''Et 
MenO MenO Et 
(R)-(-)-1.58 (R)-(- )-1.59 (S)-( + )-1.60 
1.4 Aim of Project 
Despite the extremely effective resolution of chiral tertiary arsines by the 
separation of diastereomeric palladium(II) complexes containing the arsine and an 
enantiomerically pure ortho-metallated (a-methyl)benzylamine or related 
naphthylamine, there remains a need for an efficient stereoselective synthesis of chiral 
arsines. To this end, we will investigate the stereoselectivity of alkylation at prochiral 
arsenic in phosphine-stabilised arsenium salts of the type [R3P*~ AsMePh]X. A 
detailed investigation of phosphine-stabilised arsenium salts will be undertaken in order 
to establish the potential of the salts as precursors of chiral tertiary arsines of the type 
(±)-AsMePhR. An important advantage of this approach, as opposed to classical 
resolution, is that the phosphine-stabilised arsenium salts will permit the synthesis of a 
variety of chiral tertiary arsines by variation of the incoming nucleophile, R-, and will 
regenerate the phosphine auxiliary, as indicated in Eqn 1.9. 
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R3P~AsMePh PF6- + RLi (±)-AsMePhR + P*R3 (1.9) 
The focus will be on the design of phosphines that create a chiral pocket in the 
phosphine-stabilised arsenium salt in order to maximise the diastereomeric excess (de) 
of the adducts and the enantiomeric excess ( ee) of the reaction. The diastereomeric 
excess of potential phosphine-stabilised arsenium salts (prochiral at arsenic) will be 
determined by 1 H NMR and 31 P { 1 H} NMR spectroscopy of racemates with the view to 
optimising chiral phosphine-arsenium ion combinations for subsequent attack at arsenic 
by nucleophiles. In this way, needless resolutions of chiral phosphines will be avoided. 
The enantiomeric excesses of the product arsines will be determined by recording the 
lH NMR and 31p{ lH} NMR spectra of diastereomeric palladium(II) complexes 
containing enantiomerically pure, ortho-metallated (S,S,)-( + )-N,N-dimethyl(a-
methylbenzyl)naphthylamine, (S,S)-( + )-1.31, and the arsine. 
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2.1 Introduction 
Many tertiary phosphines (R3'P) react with secondary halogenoarsines (R2AsX) 
to form the salts [R3 'P-AsR2]X. Thus, the addition of triethylphosphine to 
iododimethylarsine in cyclohexane gives a colourless precipitate of the corresponding 
'arsinophosphonium salt' (Eqn 2.1). 1' 2 A related series of compounds derived from 
chloramine and tertiary phosphines has also been investigated.3 Although analogous 
salts are formed with certain nitrogen bases, for example pyridine, conductimetric 
titrations indicated the bases to be much weaker donors than triethylphosphine or 
dimethylphenylphosphine. 
Me2AsI + PEt3 
C6H12 [Me2As-PEt3] I t (2.1) 
Arsinophosphonium salts are soluble in polar solvents; the iodides can be 
crystallised from ethanol and sublime in vacuo. Sublimation was considered to occur 
by reversible dissociation of the salt (Eqn 2.2). 1 In nitrobenzene at 25 °C, 
[Me2As-PEt3]I and [Me2As-PPhMe2]I behave as 1: 1 ~lectrolytes. Conductimetric 
titrations, however, revealed a poorly defined equivalence point that was attributed to 
reversibility in the reaction. The diarylphosphine PPh2Me is a weaker donor to 
iododimethylarsine than PPhMe2 for the equilibrium lies further to the left (Eqn 2.2). 
Triphenylphosphine does not form a complex with iodoarsine. 
R2AsX + PR3' [R2As-PR' 3] X (2.2) 
The reaction of NaOMe or NaOPh with dimethylarsinotriethylphosphonium 
iodide gives the arsinous acid esters ROAsMe2 (R = Me, Ph) with displacement of the 
phosphine. The nucleophile adds regioselectively at arsenic (Eqn 2.3). 
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[Me2As-PEt3] I + NaOMe Me2As0Me + PEt3 + Nal (2.3) 
2.1.1 The As-P bond 
An experimental investigation into the nature of the adducts phosphorus 
tribromide-trimethy lamine and phosphorus trichloride-trimethy larsine indicated that in 
the 1: 1 complexes there is a P-N sigma bond, in which the electron pair on nitrogen is 
donated to phosphorus.4 Based on this assumption, Braddock and Coates formulated 
the adducts between tertiary phosphines and iododimethylarsine as arsinophosphonium 
salts viz. [R2As·PR3]I. 1 In a series of papers beginning in 1959, it was reported that the 
I H NMR spectral data on similar amino-phosphonium and -arsonium chlorides 
indicated drr-Prc bonding in both cases. 5 For the phosphorus compounds, it was 
postulated that there was a substantial contribution to the chemical shift from n 
bonding, as well as an electronegativity effect. The reactions of tri-n-butylphosphine 
with various halogenoarsines were also investigated. 5 Dihalogenoarsines of the type 
RAsX2 reacted with tri-n-butylphosphine to give crystalline 1: 1 addition compounds 
that were formulated as arsinophosphonium salts.6 Conductivity measurements on the 
compounds in nitromethane indicated that the adducts were ionic. Infrared data on 
these compounds, however, revealed that almost all vibrations that could be assigned to 
tri-n-butylphosphine remained unchanged in the salts. This led to the postulation that 
there may be a significant synergic bonding effect between the phosphorus and the 
arsenic atoms, as indicated schematically in structure 2.1. 6 
fl l + 
H3C-ts • P(C4H9h 
Cl 
2.1 
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Tertiary phosphines form stable complexes with many main group Lewis acids.7 
Like their amine analogues, they are Br~nstead bases that can act as a donors and 7t 
acceptors. In 1994, the Lewis-base induced coordination of a phosphenium cation to 
gallium(III) trichloride was observed. In the adduct 2.2, Me2PCl coordinates to the 
phosphenium ion Me2P+, which, in tum, coordinates to gallium chloride. 8 
' i, 
c~ ~ .. ,,,Me 
Me'''jp:~ ~Me 
Me \ 
GaC14-
GaC13 
2.2 
The phosphine-stabilised phosphenium salt 2.3 is formed when 
chloromethylphenylphosphine is reacted with an excess of thallium(!) triflate in 
dichloromethane at -78 °C (Eqn 2.4).9 The two diastereomers of the compound can be 
distinguished at low temperatures by NMR spectroscopy. 
Ph Cl 
-==--.+ / 
Me-...:p----\" Ph 
./ Me 
OTt (2.4) 
•'\ Cl 
\+ / 
Ph'11··/'~ \''1Ph 
Me Me 
OTt 
(R*, R*)-2.3 (R* ' S*)-2.3 
Phosphenium and arsenium ions are coordinatively unsaturated six-electron 
Lewis acids that are stabilised by Lewis bases, such as amines and phosphines. Thus, 
P(n-Buh adds to the arsenium salt 1,2-dimethyl-1,3-diaza-2-arsenium cyclopentane 
triflate (2.4) to give the phosphine-stabilised arsenium triflate 2.5. The coordination of 
the phosphine results in a downfield shift of the phosphorus resonance from 8p -30 in 
the free phosphine to 8p 12.9 in the adduct. The addition of an excess of tri-n-
butylphosphine causes the 3lp NMR chemical shift to move to the value of the free 
phosphine (-30 ppm), which is consistent with the rapid equilibrium indicated in Eqn 
2.5. 10 In light of these observations, we prefer to consider the adducts as phosphine-
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stabilised arsenium salts rather than arsino-phosphonium salts. ' Their chemical 
reactivity is also consistent with this formulation (see below). 
fH3 
(\t 
~ 
CH3 
CF3S03- + P(n-Buh 
2.4 
fH3 
c~At--P(n-Buh 
N 
I 
CH3 
2.5 
CF3S03- (2.5) 
t For clarity in the text, the adducts will be referred to as phosphine-stabilised arsenium salts and named 
accordingly - although systematic nomenclature would denote them as phosphine derivatives of an 
arsenic(III) cation. 
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2.2 Phosphine-Stabilised Arsenium Salts 
We have re-prepared and investigated the properties of the phosphine-stabilised 
arsenium iodides prepared by Braddock and Coates 1 (Table 2.1). Salts 2.6-2.8 
precipitate when the appropriate tertiary phosphine and iododimethylarsine are mixed 
together in diethy 1 ether. These salts are stable in an inert atmosphere and can be 
recrystallised from hot ethanol. All three salts sublime on heating and give off the 
characteristic odour of iododimethylarsine. The 1 H NMR spectra of the salts in MeOH-
d4 contain a resonance at ca. 8 1.32 for the AsCH3 protons, which compares with the 
value of 8 1.98 for iododimethy larsine in this solvent (Table 2.1 ). Conversely, a 
downfield shift is observed in the 31 P {1 H} NMR spectrum for the coordinated 
phosphine versus the free phosphine. For diphenylmethylphosphine, the 31p{ lH} NMR 
shift is at 8 37 in the salt compared to 8 -26 for the free phosphine. The reaction of 
triphenylphosphine with iododimethylarsine in diethyl ether does not result in the 
precipitation of the phosphine-stabilised arsenium salt. The reversible equilibrium here 
favours dissociation (Eqn 2.2). Coordination of the phosphine is induced by removal of 
iodide, however. We have developed a new synthesis of phosphine-stabilised arsenium 
salts whereby the phosphine-stabilised arsenium iodide is generated in dichloromethane 
and aqueous ammonium hexafluorophosphate is added; this method gives 
triphenylphosphine-stabilised arsenium hexafluorophosphates in high yields. The 
hexafluorophosphate salts are air and moisture stable and do not sublime on heating. 
The isolated salts, together with certain of their physicochemical properties, are listed in 
Table 2.1. 
R2AsX + PR3' [R2As-PR' 3] X (2.2) 
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Table 2.1. Phosphine-stabilised arsenium salts 
Compound* mp Yield lHNMR 3lp{lH} 
(°C) (%) 8(AsCH3) NMR8p 
+ 
2.6 Me3P~ AsMe2 I- > 140 (subl.) 52 1.34 7.62 
2.7 
+ Me2PhP~AsMe2 I- > 90 (subl.) 95 1.32 8.66 
2.8 
+ MePh2P~ AsMe2 I- > 109 (subl.) 65 1.30 11.22 
+ -2.9 Me2PhP~AsMei PF6 104-106 89 1.35 7.10 
+ -2.10 Me2PhP~ AsMePh PF6 127-128 86 1.62 7.73 
+ -2.11 MePh2P~AsMei PF6 162-163 98 1.36 13.07 
+ -2.12 MePh2P~ AsMePh PF6 124-125 96 1.66 12.87 
+ -2.13 Ph3P~AsMei PF6 173 78 1.36 19.91 
2.14 
+ Ph3P ~ AsMePh pp6- 175 84 1.69 19.02 
+ -2.15 BnMePhP~AsMei PF6 100-108 86 1.23 14.16 
+ - 13.11 , 2.16 BnMePhP~ AsMePh PF6 128-130 95 1.61 14.07 
2.17 + -Ph3P ~ AsMeNaph PF6 147-148 70 1.79 18.22 
* Spectra of compounds 2.6-2.8 recorded in MeOH-d4 at 23 °C, 2.9-2.17 recorded in 
dichloromethane-d2. 
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(Dime thy lpheny !phosphine )dime thy larsenium hexafluorophosphate, 2.9, and 
( dipheny lmethy 1 phosphine )dime thy larsenium hexafluorophosphate, 2.11, were 
synthesised by the two-phase method in which a solution of the halogenoarsine and the 
tertiary phosphine in dichloromethane was treated with aqueous ammonium 
hexafluorophosphate. After thorough stirring, the two phases were separated and the 
organic phase was dried (MgS04), filtered, and the filtrate evaporated to dryness. 
Recrystallisation of the residue from dichloromethane by the addition of diethy 1 ether 
gave the products as colourless crystalline solids. 
The 1 H NMR spectrum of the iodide 2.7 at 23 QC contains a singlet AsM e 
resonance. Iodides do not show 3JHP coupling of the arsenic methyl protons to 
phosphorus at this temperature. For 2.9 under identical conditions, however, coupling 
of the arsenic methyl protons to phosphorus was observed resulting in an AsMe doublet 
centred at 8 1.35 with 3JHP = 16.9 Hz. For the diphenylmethylphosphine-stabilised salt 
2.11, coupling was also observed (3JHP = 16.1 Hz) at this temperature. 
(Diphenylmethylphosphine )dimethylarsenium hexafluorophosphate, 2.11 , and 
(±)-( diphenylmethy I phosphine )me thy lpheny larsenium hexafluorophosphate , (±)-2.12, 
also show phosphorus coupling to the arsenic methyl protons in their 1 H NMR spectra 
at 23 QC. The 31p{ lH} NMR chemical shift of bp 12.87 for (±)-2.12 is very similar in 
position to that observed for 2.11, viz. bp 13.07. Thus, the phosphorus chemical shi ft is 
relatively unaffected by substituents on arsenic. Due to the relatively strong As-P bond 
in 2.9, the salt (±)-2.10 was synthesised to probe pyramidal inversion at arsenic. When 
the arsenic stereocentre in (±)-2.10 is pyramidal, the methyl groups on phosphorus are 
diastereotopic. The Newman projections for the cation are shown in Figure 2.1. At 298 
K, an apparent triplet resonance is observed for the diastereotopic PM e group, but at 
248 K the individual doublets (3JHP = 16.5 Hz) are observed (Figure 2.2). The 
dissociation energy for the As-P bond, ~G+, can be calculated from the rate constant for 
the bond dissociation (kc) at the coalescence temperature (Tc) by employing the 
approximate expression kc= n(~v)/(2)112, where ~vis the limiting frequency difference 
between the coalescing peaks. The relationship ~G+ = -RTcln(kchlk8 Tc), where R , h 
and k8 correspond to the gas, Planck, and Boltzmann constants, respectively, can be 
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used to determine the activation barrier (~Gt) for bond dissociation.11- 13 At 313 K (Tc), 
the bond dissociation energy ~Gt for (±)-2.10 is 73.3 kJ mol-1. 
Me Me 
Ph 
Meyry. 
Me~Ph 
Ph 
Meyry. 
Phx>Me 
Ph 
Figure 2.1. Newman projection of the cation of (±)-2.10, indicating non-equivalence of 
PM e groups in the three staggered rotomers. 
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PMe AsMe 
2.2 2.0 1.8 1.6 1.4 
Figure 2.2. Variable temperature 1 H NMR spectra of (±)-2.10 in 
dichloromethane-d2. 
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2.3 Rearrangement of Phosphine-Stabilised Arsenium 
Salts: Inversion or Dissociation at Arsenic? 
37 
When the temperature of a dichloromethane-d2 solution of (±)-2.10 is increased, 
the lH NMR signals for the PMe and AsMe groups broaden and coalesce. This 
phenomenon raises the question as to whether the process being observed is inversion at 
arsenic or dissociation of the arsenic-phosphorus bond in the compound. In order to 
answer this question, the chiral salts (±)-(benzylmethylphenylphosphine)-
dimethylarsenium hexafluorophosphate, (±)-2.15, and (R * p,R* As)l(R* p,S* As)-(±)-
(benzy lmethy 1 pheny 1 phosphine )methy 1 pheny larseni um hexafluorophosphate , 
(R* p,R* As)/(R* p,S* As)-(±)-(2.16) were prepared. Salt (±)-2.15 was isolated as a 
crystalline solid in 86% yield by the reaction of iododimethylarsine with (±) -
benzylmethylphenyl phosphine in dichloromethane-aqueous ammonium 
hexafluorophosphate. The variable temperature 1 H NMR spectra for the salt are shown 
in Figure 2.3. At 292 K, the AsMe resonance is a sharp singlet at 8 1.23. On cooling 
the sample, the singlet broadens, coalesces at 240 K, and re-emerges as a pair of 
doublets at 193 K. Phosphorus coupling to the AsMe group (3J8 p = 16.0 Hz) appears 
simultaneously with the emergence of the two doublets for the diastereotopic AsM e 
groups. This indicates that the process being observed over this temperature range is 
dissociation at arsenic, rather than inversion. If inversion dominated, the 
diastereotopicity of the arsenic methyl resonance would be lost and the AsMe resonance 
would appear as a single singlet showing 3 J HP coupling. At the coalescence 
temperature (240 K), L1G+ = 49 kJ mol-1. (R * p,R* As)l(R* p,S* As)-(±)-2.16 behaves 
similarly. For this salt, the Tc is 273 Kand L1G+ = 57 kJ mol-1 . 
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AsMe 
292 K 
240K 
225 K 
240 K 
193 K 
I I 
2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 
ppm 
Figure 2.3. Variable temperature 1 H NMR spectra of (±)-2.15 in dichloromethane-d2. 
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2.4 As-P Bond Dissociation 
(Triphenylphosphine)dimethylarsenium hexafluorophosphate, 2.13, and 
(triphenylphosphine)methylphenylarsenium hexafluorophosphate, (±)-2.14, were 
synthesised and isolated in high yields by the two-phase method; both salts are air stable 
crystalline solids. At 298 K, the arsenic methyl resonance for (±)-2.14 appears as a 
sharp singlet at 8 1.69 (Figure 2.4 ). On cooling the solution to 248 K, the signal 
broadens, coalesces (Tc 287 K), and splits into a doublet (3fHP = 15.9 Hz) at the slow 
exchange limit. The free energy of activation for dissociation for this compound was 
calculated from these data to be 67 kJ mol-1, which is lower than that for the 
corresponding dimethylphenylphosphine-stabilised coumpound (±)-2.10 (~G+ = 73 kJ 
mol-1 ). Interestingly, both the (±)-(benzylmethylphenylphosphine)dimethylarsenium 
and the -methylphenylarsenium compounds, (±)-2.15 and (R* p,R* As)l(R* p,S* As)-(±)-
2.16, respectively, have substantially lower ~G+ values for bond dissociation (49 and 57 
kJ moI-1) than either (±)-2.10 or (±)-2.14 in the same solvent. The benzyl substituent 
appears to significantly lower the activation barrier for bond dissociation in compounds 
of this type. 
298 K 
287 K 
280 K 
273 K 
248 K 
2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 ppm 
Figure 2.4. Variable temperature 1 H NMR spectra of 2.14 in dichloromethane-d2. 
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(±)-(Triphenylphosphine )methylphenylarsenium hexafluorophosphate, (±)-2.14, 
crystallises in the monoclinic space group P21/c. The structure of the cation is shown in 
Figure 2.5. Selected bond distances and angles are given in Table 2.2 and Appendix A. 
The As(l)-P(l) distance of 2.348 A in the compound is comparable to the distance in 
the related urea-bridged arsino-phosphonium salt, viz. 2.346(2) A, described by 
Schmutzler et al. 14 and is also in good agreement with the sum of the covalent radii of 
the two elements (2.31 A) .15 Taking into account the free electron pair on arsenic and 
phosphorus coordination, the geometry at arsenic is best described as distorted 
tetrahedral. The angles P(l)-As(l)-C(20), 97.04(6)°, P(l )-As(l)-C(l9), 92.31(8) °, and 
C(l9)-As(l)-C(20), 101.7(1)° are significantly smaller than expected for a regular 
tetrahedron (109° 28'). Atoms As(l) and C(l9) in the cation deviate only slightly from 
the plane defined by the phenyl substituent at arsenic, viz. 0.1654 A for As(l) and 
0.1924 A for C(l9). Canonical forms can be drawn for the cation (Scheme 2.1). 
Delocalisation of the positive charge from arsenic onto the arsenic-phenyl ring will 
flatten the structure when p-orbital overlap is at a maximum. This effect is also 
observed in the triphenylcarbonium ion. 16 The phosphine is almost orthogonal to the 
C(19)-As(20)-C(20) plane of the cation of (±)-2.14 (Figure 2.5). 
Scheme 2.1 
Rto Rto R3r J~;r Ri 0 
"!-A~ ~ !-A~ + ~ !-A< ~ !-AS::: 
Me Me Me Me 
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0 
Figure 2.5. ORTEP diagram of the cation of (±)-2.14 (thermal ellipsoids enclose 30% 
probability levels). 
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Table 2.2. Non-hydrogen interatomic distances and bond angles for the cation of 
(±)-2.14 
Bond distances (A) Bond Angles (°) 
As(l)-P(l) 2.3480(5) P( 1 )-As( 1 )-C( 19) 92.31(8) 
As( 1 )-C( 19) 1.959(2) P( 1 )-As( 1 )-C(20) 97.04(6) 
As(l)-C(20) 1.955(2) C( 19)-As( 1 )-C(20) 101.73(7) 
P(l)-C(l) 1.804(2) As( 1 )-P( 1 )-C( 1) 107.73(7) 
P(l)-C(7) 1.801(2) As( 1 )-P( 1 )-C(7) 110.67(7) 
P(l)-C(13) 1.796(2) As(l)-P(l)-C(13) 112.27(7) 
C( 1 )-P( 1 )-C(7) 107.82(9) 
C( 1 )-P(l )-C( 13) 109.9(1) 
C(7)-P( 1 )-C( 13) 108.4(1) 
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By employing the two-phase method of synthesis, 
(triphenylphosphine )methyl( 1-naphthyl)arsenium hexafluorophosphate, (±)-2.17, was 
prepared (70% yield). As for the (triphenylphosphine)-dimethylarsenium and 
methylphenylarsenium hexafluorophosphates, 2.13 and (±)-2.14, the arsenic methyl 
group resonates as a singlet at 293 K in the 1 H NMR spectrum in dichloromethane-d2. 
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2.5 Ligand Exchange in Phosphine-Stabilised 
Arsenium Salts 
2.5.1 Unidentate phosphine-stabilised arsenium salts 
43 
An investigation into phosphine ligand exchange was undertaken between 
(diphenylmethylphosphine)dimethylarsenium hexafluorophosphate, 2.11, and (±)-
(triphenylphosphine)methylphenylarsenium hexafluorophosphate, (±)-2.14. 
On mixing equimolar quantities of 2.11 and (±)-2.14 in dichloromethane-d2 at 
room temperature (295 K), a rapid crossover reaction took place (t1 12 < 1 min) giving 
rise to an equimolar mixture containing the starting materials and the crossover products 
(±)-(diphenylmethylphosphine)methylphenylarsenium, (±)-2.12, and (triphenyl-
phosphine)dimethylarsenium hexafluorophosphate, 2.13 (Figure 2.6) . No kinetic data 
could be obtained for the redistribution because of the rate of exchange and the long 
relaxation times needed to obtain accurate integrals (T1 ca. 20 sec). 
Two pathways have been considered for the crossover reaction. One, the 
phosphine-stabilised arsenium salts can dissociate and reassociate with their crossover 
partners; or two, the two phosphine-stabilised arsenium cations can come together in a 
concerted process to form a cyclic 4-membered ring transition structure which 
dissociates with ligand interconversion (Scheme 2.2). 17-21 In both cases, the result will 
be the formation of the four possible phosphine-stabilised arsenium salts. 
Scheme 2.2 
2.11 + (±)-2.14 
Ph......._rPh 
',/' .... 
Me..........+/ ........................................ +_....,......Me 
:::::;:====:::: As........ ... ... ~ As, ~====~ 
Me"' ... .... /<:...... 'Ph 
p~F"'-Ph 
2PF6-
(±)-2.12 + 2.13 
Ph 
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(±)-2.14 2.11 
--L 
(8p 19.0) (8p 13.1) 
2.13 (±)-2.12 
8p 19.9 8p 12.9 
Figure 2.6. Crossover reaction between (±)-2.14 (bp 19.0) and 2.11 (bp 13.1) at 295 K 
in dichloromethane-d2 giving an equilibrium mixture containing 2.13 (8p 19 .9) and (±)-
2.12 (8p 12.9); t112 (295 K) < 1 min. 
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2.5.2 Bidentate phosphine-stabilised arsenium salts 
Intramolecular exchange of the arsenium ion has been investigated with use of 
the ligands 1,2-phenylenebis(dimethylphosphine) and (R*,R*)-(±)-1 ,2-
phenylenebis(methylphenylphosphine ). 
M\ .. ,Me 
CCp~+ AsMe2 R 
',:, Me Me 
r 
P\ .. ,Me 
CCp~+ AsMe2 R 
Mf ~Ph 
PF6-
2.18 (R* ,R*)-(±)-2.19 
P\ 3.Me 
CCp~+ AsMePh p 
Mf ·~Ph 
PF6-
(R* p,R* p,R* As)/(R* p,R* p,S* As)-(±)-2.20 
The reaction of 1,2-phenylenebis(dimethylphosphine) with iododimethylarsine 
in benzene gave 2.18 in 94% yield. On the 3lp{1H} (121.5 MHz) NMR time scale at 
the fast exchange limit, a single phosphorus resonance at Op -29.98 was observed at 305 
K for this compound (Figure 2.7). When the solution was cooled, the signal broadened, 
and coalesced at 249.5 K. These data give ~G+ = 40.8 kJ mo1-1. At the slow exchange 
limit (186 K), the arsenium ion resides on one of the two phosphorus atoms, giving rise 
to discrete phosphorus resonances at Op -54.2 and 1.7. The signal centred at Op -54.2 
corresponds to the value for the free uncomplexed tertiary phosphine. It is evident from 
the spectra in Figure 2. 7 that the rate of exchange of the arsenium cation between the 
two tertiary phosphines centres in 2.18 is considerably reduced by cooling. The rate of 
exchange is independent of concentration. Thus, arsenium ion exchange is an 
intramolecular process in this salt in dichloromethane-d2. 
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305 K 
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249.5 K 
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Figure 2. 7. Variable temperature 31 P { 1 H} NMR spectra of 2.18 in 
dichloromethane-d2. 
241 K 
186 K 
-80 
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The salt 2.18 crystallises in the monoclinic space group P2/n. The structure of 
the cation is shown in Figure 2.8. Selected angles and bond lengths are given in Table 
2.3 and Appendix B. The As(l)-P(l) distance of 2.337(2) A in the cation is close to 
that observed for the same bond in the analogous (triphenylphosphine)-stabilised salt 
(±)-2.14 (2.348 A), and is similar to the sum of the covalent radii of the two elements 
(2.31 A). There is no interaction between As(l) and P(2) (3.671(2) A). The arsenic-
bound phosphorus centre is almost tetrahedral, viz. As(l)-P(l)-C(4), 111.0(3)°, 
C(3)-P(l)-C(4), 104.6(4)°, and C(4)-P(l)-C(5), 110.9(3)°. Taking into account the 
lone pair of electrons on arsenic, the environment around arsenic is distorted tetrahedral, 
with C(l)-As(l)-C(2), 96.0(4)°, P(l)-As(l)-C(l), 96.6(3)°, and P(l)-As(l)-C(2), 
97.4(2)°. 
Table 2.3. Non-hydrogen interatomic bond distances for the cation of 2.18. 
Bond Distances (A) 
As(l)-P(l) 2.337(2) As(l)-C(l) 1.942(9) 
As(l)-C(2) 1.954(8) P(l)-C(3) 1.802(8) 
P(l)-C(4) 1.796(8) P(l)-C(5) 1.813(7) 
P(2)-C(l0) 1.851(7) P(2)-C(l l) 1.861(9) 
P(2)-C(l2) 1.80(1) C(5)-C(6) 1.415(9) 
C(5)-C(l0) 1.378(9) C(6)-C(7) 1.378(1) 
C(7)-C(8) 1.40(1) C(8)-C(9) 1.37(1) 
C(9)-C(l0) 1.39(1) As(l)-P(2) 3.671(2) 
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Table 2.3. ( contd). 
Bond Angles (°) 
P(l)-As(l)-C(l) 96.6(3) P(l)-As(l)-C(2) 97.4(2) 
C(l)-As(l)-C(2) 96.0(4) As(l)-P(l)-C(3) 111.7(3) 
As(l)-P(l)-C(4) 111.0(3) As(l)-P(l)-C(5) 109.0(2) 
C(3)-P(l)-C(4) 104.6(4) C(3)-P(l)-C(5) 109.6(4) 
C(4)-P(l)-C(5) 110.9(3) C(l0)-P(2)-C(ll) 102.0(4) 
C(l0)-P(2)-C(12) 102.5(4) C(ll)-P(2)-C(l2) 99.0(5) 
P(l)-C(5)-C(6) 116.3(5) P(l)-C(5)-C(l0) 123.6(5) 
C(6)-C(5)-C(l0) 120.0(6) C(5)-C(6)-C(7) 119.5(7) 
C(6)-C(7)-C(8) 119.6(7) C(7)-C(8)-C(9) 120.5(7) 
C(8)-C(9)-C(10) 120.5(7) P(2)-C(10)-C(5) 119.0(5) 
P(2)-C( 10)-C(9) 121.1 (6) C(5)-C( 10)-C(9) 119. 7 (7) 
Arsenium ion migration was also observed in (R * ,R*)-(±)-1,2-
pheny lenebis(methylphenylphosphine )dimethylarsenium hexafluorophosphate, (R* ,R*)-
(±)-2.19, and in the corresponding -methylphenylarsenium compound 
(R* p,R* p,R* As)/(R* p,R* p,S* As)-(±)-2.20. Salt (R* ,R*)-(±)-2.19 was isolated in 87% 
yield as colourless needles having mp 139-143 °C. Coalescence of the P signal 
occurred at 306 K in (R* ,R*)-(±)-2.19 in dichloromethane-d2, which gave L1G+ = 56.9 
kJ mol-1 (cf. 249.5 K, L1G+ = 40.8 kJ mol-1 for the iodide 2.18). Thus, 1,2-
phenylenebis(dimethylphosphine) is a weaker phosphine donor to the arsenium ion than 
(R* ,R*)-(±)-1,2-pheny lenebis(methy lpheny lphosphine); iodide destabilises the As-P 
bond, as indicated by the very low coalescence temperature for 2 .18 in 
dichloromethane-d2. 
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C8 
C12 ~ ~-
C3 
Figure 2.8. ORTEP diagram of the cation of 2.18 (thermal ellipsoids enclose 30% 
probability levels). 
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Arsenium ion migration is suppressed by a phenyl group on arsenic. At the slow 
exchange limit (<308 K), discrete 3lp{lH} NMR resonances at bp-1.31 and bp - 34.85 
were observed for (R* p,R* p,R* As)/(R* p,R* p,S* As)-(±)-2.20 in dichloromethane-d2. The 
~G+ value for (R* p,R* p,R* As)l(R* p,R* p,S* As)-(±)-2.20 could not be calculated in 
dichloromethane-d2 because the coalescence temperature is above the boiling point of 
the solvent. 
The arsenium ion did not exchange between the phosphorus atoms in the 
aliphatic compound 2.21. This compound was prepared in 95% yield by the slow 
addition of iododimethylarsine to 1,2-ethylenebis(dimethylphosphine) in benzene. The 
product precipitated from this mixture as a colourless powder. The 1 H NMR spectrum 
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of the salt in D20 exhibits a singlet at 8 1.48 (AsMe), a multiplet at 8 1.93-2.03 (PMe), 
and a doublet at 8 2.64 for the methylene protons. The AsMe and PMe resonances have 
equal intensities. A single phosphorus resonance at 8 13.56 was observed in the 
31p{1H} NMR spectrum of 2.21 in D20. 
+ Me,,. 1Me AsMei 
.t\ t 2r-
+t ,~ 
Me2As Me Me 
2.21 
2.6 Chemical Reactivity of Phosphine-Stabilised 
Arsenium Salts 
One of the key features of phosphine-stabilised arsenium salts is their reactivity 
towards nucleophiles. As first reported by Braddock and Coates, 1 nucleophilic attack 
by R- occurs at arsenic in these salts affording a tertiary arsine and liberating the 
tertiary phosphine. Thus, (dimethylphenylphosphine)dimethylarsenium hexafluoro-
phosphate (2.9) reacts with n-butyllithium in THF to give dimethylphenylphosphine and 
(n-butyl)dimethylarsine (Eqn 2.6). 
+ - . Me2PhP-..AsMei PF6 + n-BuL1 
THF 
(n-Bu)AsMei + PMe2Ph (2.6) 
In a similar manner, (triphenylphosphine)methylphenylarsenium 
hexafluorophosphate, (±)-2.14 reacts with sodium methoxide in methanol to afford 
triphenylphosphine and the arsinous acid ester (±)-MePhAsOMe (Eqn 2.7). 
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+ MeOH 
Ph3P-..AsMePh PF6- + NaOMe MePhAsOMe + PPh3 (2.7) 
By employing a prochiral phosphine-stabilised arsenium salt, chiral arsines can 
be synthesised. Thus, (triphenylphosphine)methylphenylarsenium hexafluorophosphate 
reacts with n-butyllithium to give triphenylphosphine and (±)-(n-
butyl)methylphenylarsine (Eqn 2.8). 
+ - . Ph3P ___.. AsMePh PF6 + n-BuL1 
THF 
(n-Bu)AsMePh + PPh3 (2.8) 
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3 .1 Introduction 
An anchimeric chelate effect is significant in stabilising 2-
methoxymethylphenyl-substituted arsenium salts and related compounds. The presence 
of an o-methoxy group in a tertiary arsine or phosphine causes a marked acceleration in 
their rates of quatemisation with alkyl halides; 1•2 a proximal methoxy group has also 
been used to stabilise phosphenium cations by coordination (Scheme 3.1).3 
Scheme 3.1 
R-~) 
Ph-~Q+ 
.• Me 
x-
R-~) 
Ph-P+ Q 
Me 
x-
The stabilisation of phosphenium ions by N ~ P interactions has been 
investigated.4 Hydride abstraction from 3.1 with Ph3c+pp6- affords 3.2 (and Ph3CH), 
which is stabilised by coordination of the dimethylamino groups (Eqn 3.1). 
cfNMe2 cfNMe2 
tPhH 
Ph3c+pp6- i:(;Ph PF6- (3.1) t\) 
NMe2 NMe2 
3.1 3.2 
3.2 Anchimeric Effect 
To explore the anchimeric effect on the properties of phosphine-stabilised 
arsenium salts, the salt (±)-3.6 was prepared. The ligand [(2 -
methoxymethyl)phenyl]diphenylphosphine (3.5) was synthesised in 40% yield in three 
steps from 2-bromotoluene (Scheme 3.2). 
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Scheme 3.2. 
Br2 xi~ l} Br 
135 °C 
/c~ lJ Br 
NaOMe 
iO~e lJ Br 
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iO~e lJ PPh2 
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The first step involved the free-radical brornination of 2-bromotoluene to give 
3.3, which, when reacted with sodium methoxide in methanol, gave 3.4. The phosphine 
3.5 was prepared from 3.4 in 75% yield and was isolated as a pale yellow solid, which 
was recrystallised from hot MeOH giving the pure compound mp 93-94 °C (8p -15.6). 
The addition of iodomethylphenylarsine to 3.5 in dichloromethane, followed by the 
addition of aqueous NH4PF6, gave (±)-3.6 in 40% yield (Eqn 3.2). The 31 P { I H} NMR 
spectrum of (±)-3.6 in dichloromethane-d2 contains a resonance at 8p 20. 9. In the 1 H 
NMR spectrum at 295 K, (±)-3.6 exhibits a singlet at 8 1.61 for the AsMe group (Figure 
3.1). On cooling the solution, this signal broadens and emerges as a doublet at 223 K 
(3 ]HP = 16.5 Hz). 
&Me cy7Me MePhAsI 
PPh2 (CH2Cl2) l+ 
NaPF6 
Ph2P---.-f s-Ph PF 6 - (3.2) 
(H20) Me 
3.5 (±)-3.6 
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OMe 
AsMe 
! 111111 I 1 II, 
CH2 
II II II II I I I I I 111\ 
298 K 
283 K 
276K 
273 K 
270K 
268 K 
263 K 
248 K 
223 K 
4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm 
Figure 3.1. Variable temperature 1 H NMR spectra of (±)-3.6 between 298 K (fast 
exchange limit) and 223 K (slow exchange limit). 
Chapter 3 57 
The strength of the As-P bond in the salt can be estimated by measuring the rate 
of exchange of the arsenium ion at the coalescence temperature (273 K). For (±)-3.6, 
tiG + = 63 kJ mol-1 at 273 K. This value can be compared with that for the 
corresponding triphenylphosphine-substituted salt (±)-2.14, where ~G+ = 67 kJ mol-1 at 
287 K. Coordination of the proximal methoxy-0 atom to arsenic leads to chirality at 
oxygen. Diastereomers due to this contribution, however, were not evident in the 1 H 
NMR spectra of (±)-3.6. 
(±)-{ [2-(Methoxymethyl)phenyl]diphenylphosphine }methylphenylarsenium 
hexafluorophosphate, (±)-3.6, crystallises in the triclinic space group P-1. The structure 
of the cation is shown in Figure 3.2; important distances and angles are given in Table 
3.1 and Appendix C. The As(l)-P(l) distance of 2.3703(5) A in the cation of (±)-3.6 is 
in the range expected for an arsenic phosphorus single bond and is within the sum of the 
covalent radii of the two elements (2.31 A).5 The As(l )-0(1) distance of 2.878(1 ) A is 
significantly shorter than the combined van der Waals radii of the two elements (3 .4 
A). 5 The angles P(l)-As(l)-C(21), 95.59(6) °, P(l )-As(l )-C(22), 96.99(6)°, and 
C(21)-As(l)-C(22), 100.35(8)° are considerably less than expected for a regular 
tetrahedron. Atoms As(l) and C(21) deviate only slightly from the plane defined by the 
phenyl groups attached to arsenic, viz. 0.0645 A and 0.6669 A, respectively. Atom P(l ) 
is almost orthogonal to this well-defined plane: P(l)-As(l)-C(21), 95.59(6)° . Oxygen 
also donates competitively to arsenic with P(l)-As(l)-0(1) being 60.83(8)° (Figure 
3.3). This interaction reduces the positive charge on arsenic and simultaneously 
decreases the strength of the As-P interaction. The weakening is reflected in the 
lengthening of the As-P bond to 2.3703(5) A, which is 0.0223 A longer than in (±)-2.14 
(no methoxy-0 interaction). 
(" ~Me 
"\I )0 
-Ar 1 __ 0 ~ Me ~:(8)° As 
Figure 3.3. Schematic representation of the trigonal planar environment at arsenic 
(lone pair-methyl-phenyl) with orthogonal phosphorus coordination and 
methoxy-0 interaction [P(l)-As(l)-0(1), 60.83°]. 
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Figure 3.2. ORTEP diagram of the cation of (±)-3.6 (thermal ellipsoids enclose 30% 
probability levels). 
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Table 3.1. Selected non-hydrogen interatomic distances and bond angles in the 
cation of (±)-3.6. 
Bond Distances (A) Bond Angles C) 
As(l)-P(l) 2.3703(5) P( 1 )-As( 1 )-C(21) 95.59(6) 
As(l)-C(21) 1.956(2) P( 1 )-As( 1 )-C(22) 96.99(5) 
As(l)-C(22) 1.957(2) C(2 l )-As( 1 )-C(22) 100.35(8) 
P(l)-C(l) 1.827(2) As( 1 )-P( 1 )-C( 1) 115.54(6) 
P(l)-C(9) 1.808(2) As( 1 )-P( 1 )-C(9) 107.86(6) 
P(l)-C(l5) 1.809(2) As( 1 )-P( 1 )-C ( 15) 109.02(6) 
As(l)-0(1) 2.878(1) C(l )-P(l )-C(9) 108.50(8) 
C( 1 )-P( 1 )-C( 15) 108.06(8) 
C(9)-P(l)-C(l5) 107.59(8) 
C(7)-0( 1 )-C(8) 111.5(2) 
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3.3 Chiral Auxiliary Design 
The positive anchimeric effect of the methoxymethyl group in (±)-3.6 (As-0 
2.878(1) A) prompted an investigation into the development of a suitable phosphine-
stabilised arsenium salt for asymmetric synthesis. Our initial work focussed on the 
introduction of a 6-membered chelate ring involving the As-0 interaction. Chirality 
can be introduced at one or more of three points within the phosphine in the generic salt 
3.7; one, at phosphorus; two, at the carbon a to the methoxy group; or three, by 
attachment of an atropisomeric substituent at phosphorus. The three possibilities are 
examined in the section that follows. 
~rMe 
'=( t+ 
~P~fs-R 
R R 
3.7 
3.3.1 Chirality at Phosphorus 
x-
(±)-[ (2-Methoxymethy l)pheny l]methy 1 pheny !phosphine, (±)-3.8, was 
synthesised in 69% yield by the addition of sodium methylphenylphosphide to 3.4 in 
THF at -78 °C (Scheme 3.3). The air-sensitive phosphine reacts readily with 
iodomethylphenylarsine in dichloromethane-aqueous N aPF6 to give 
(R* p,R* As)/(R* p,S* As)-(±)-{ [(2-methoxymethyl)phenyl]methylphenylphosphine }methyl 
phenylarsenium hexafluorophosphate, (R* p,R* As)/(R* p,S* As)-(±)-3.9, in 59% yield after 
recrystallisation. The salt crystallises from dichloromethane-diethyl ether as a 
colourless solid, mp 124-126 °C. The 1 H NMR spectrum of (R* p,R* As)/(R* p,S* As)-(±)-
3.9 in dichloromethane-d2 at 296 K indicates two diastereomers in unequal amounts, 
viz. (R* p,R* As)-(±)-3.9 : (R* p,S* As)-(±)-3.9 = 64:36. Diastereomeric excess (de): 28%. 
(Figure 3.4).t At -50 °C, the ratio is 69:31 (de 38%). The de of the diastereomers is 
also evident in the 31 P { 1 H} NMR spectrum under similar conditions. These data 
t The assignment of resonances to the diastereomers is arbitrary. 
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indicate that if (R * p,R* As)/(R* p,S* As)-(±)-3.9 was prepared in enantiomerically pure 
form, nucleophilic addition at arsenic by R- at -50 °C would generate enantiomerically 
enriched (±)-AsMePhR of 38% ee, provided each diastereomer experiences no kinetic 
discrimination. 
Scheme 3.3. 
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Figure 3.4. The diastereomers (R* p,R* As)-(±)-3.9 and (R * p,S* As)-(±)-3.9. ( One 
enantiomer of each diastereomer is drawn). 
The resolution of (±)-3.8 was achieved by the method shown in Scheme 3 .4. 
Thus, the enantiomerically pure chloro-bridged palladium dimer (S,S)-( + )-1.31 (Chapter 
1)6 was reacted with (±)-3.8 in dichloromethane to generate the diastereomers (Sc,Sp)-
3.10 and (Sc,Rp)-3.10, which were isolated as an equimolar mixture by removal of the 
solvent (8p 14.6, 19.3). Fractional crystallisation of the mixture from acetone afforded 
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a 43% yield of the less soluble diastereomer (8p 19.3) in >99% configurational purity 
[a]21 0 = + 142.4 (c 1.0, CH2Cl2). 
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Decomplexation of the phosphine was achieved by the addition of 1,2-diaminoethane to 
a dichloromethane solution of the pure diastereomer. Sparingly soluble (S)-3.11 
precipitated from the solution. After removal of the solvent, the phosphine was 
extracted into diethyl ether and the solution was washed with water. Excess amine 
complex was extracted into the aqueous phase and the free phosphine was recovered 
from the die thy 1 ether phase after removal of the sol vent. The crude product was 
extracted into n-hexane and purified by flash chromatography on silica gel affording 
(+)-[(2-methoxymethyl)phenyl]methylphenylphosphine, [a]21D = +26.3 (c 1.0 , 
CH2Cl2) , ( + )-3.8 in 84% yield. The complete (>99%) enantiomeric purity of the 
phosphine was confirmed by re-preparing a small quantity of the diastereomer from 
which it was obtained and recording its 31 P { 1 H} NMR spectrum. The absolute 
configuration of the phosphine was not determined. With use of ( + )-3.8, the phosphine-
stabilised arsenium salt 3.9 was prepared by the two-phase dichloromethane-aqueous 
NH4PF6 method from iodomethylphenylarsine. The product showed no optical activity, 
however. The iodoarsine racemised the phosphine, presumably by pseudorotation of 
the transient trigonal bipyramidal intermediate shown in Scheme 3.5. 
Scheme 3.5 
1· MePhAsI 
Me~'"'Ph 
M\/Ph 
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r 
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In order to investigate this phenomenon further , a catalytic amount of 
iodomethylphenylarsine was added to a solution of the (R *,R*)-(±)-1 ,2-
phenylenebis(methylphenylphosphine) in dichloromethane and the reaction was 
monitored by 31 P { 1 H} NMR spectroscopy. Within the time of recording the spectrum, 
the phosphine had epimerised at phosphorus to give a 1: 1 mixture of (R* ,R*)-(±) and 
(R*,S*) diastereomers (Scheme 3.6). When chloromethylphenylarsine was added to the 
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(R* ,R*)-(±)-diastereomer, however, no racemisation was observed. It is noteworthy that 
tertiary phosphines chiral at phosphorus, unlike analogous arsines, are not racemised by 
halogenoacids.9•10 
Scheme 3.6 
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Despite this setback, the salt (R* p,R* As)/(R* p,S* As)-(±)-3.12 was prepared to determine 
if the smaller chelate ring involving the ortho-methoxy-O···As interaction would 
increase the de of the parent complex (Scheme 3. 7). · (±)-(2-
Methoxyphenyl)methylphenylphosphine (3.13) was isolated in 75% yield from the 
reaction between sodium methylphenylphosphide and 1-bromo-2-methoxybenzene in 
THF at -78 QC (8p -35.6). The reaction of the phosphine with iodomethylphenylarsine 
in dichloromethane in the presence of aqueous NH4PF6 gave (R* p,R* As)/(R* p,S* As)-(±)-
3.12 in 83% yield after recrystallisation from dichloromethane-diethyl ether; mp 
130-132 QC. 
The 31 P { 1 H} NMR spectrum of (R* p,R* As)/(R* p,S* As)-(±)-3.12 revealed a 
downfield chemical shift of the phosphorus upon coordination to the arsenium ion with 
(R* p,R* As):(R* p,S* As) = 1: 1 at 23 QC in dichloromethane-d2. Phosphorus coupling to 
the AsMe protons was observed at this temperature (3JHP = 16.6 Hz). This was also the 
case for (±)-Ph2MeP~As+MePh PF6- (2.12) under similar conditions, but not for the 
methoxymethyl compound (R* p,R* As)/(R* p,S* As)-(±)-3.9 where the As···O interaction 
is present. From these data it appears that there is no significant As···O interaction in 
the o-anisylphosphine adduct (R* p,R* As)/(R* p,S* As)-(±)-3.12. As the strength of the 
As···O interaction increases, as in the 2-methoxymethylphenylphosphine adduct (±)-3.6, 
the As-P bond weakens (no P-AsMe coupling at 23 QC). 
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The presence of a 6-membered chelate ring involving an As···O interaction in 
(±)-3.6 has been established by NMR spectroscopy and crystallography. In order to 
lock the ring into one of the two enantiomorphic conformations, we have investigated 
the effect 6f placing substituents at various sites in the 6-membered ring. The results 
are discussed in the sections that follow. 
~ 7Me 
'==( t+ PF6-
Ph2P~ fs-Ph 
Me 
(±)-3.6 
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3.3.2.1 Chirality at a-Carbon 
The addition of a solution of methylmagnesium iodide in diethyl ether to 2-
bromobenzaldehyde at O °C11- 14 gave (±)-1-(2-bromophenyl)ethanol in 91 % yield 
(Scheme 3.8). The alcohol was methylated by the addition of sodium hydride and 
iodomethane in THF, 15 which gave the ether (±)-3.14 (86% yield). Addition of a 
Grignard reagent prepared from (±)-3.14 and magnesium in THF to a solution of 
chlorodiphenylphosphine in THF furnished the tertiary phosphine (±)-3.15. The 
product was isolated in 58% yield as an air-stable crystalline solid, mp 57-58 °C. 
Scheme 3.8 
iBr M&H M&Me MeMgBr ~ Br NaH, Mel ~ . Br 
Et20 I h' THF I h' h' 
(±)-3.14 
Me M&Me MePhAsI ~ 7Me 1. Mg, THF PPh (CH2Cl2) ~ 2 T+ 2. ClPPh2, THF I h' NH4PF6 Ph2P____.. As-Ph PF6-(H20) 
~e 
(±)-3.15 (R* c,R* As)/(R* c,S* As)-(±)-3.16 
The phosphine (±)-3.15 reacted with iodomethylphenylarsine in 
dichloromethane-aqueous NaPF6 to give the arsenium salt (R* c,R* As)/(R* c ,S* As)-(±)-
3.16 in 33% yield after recrystallisation from dichloromethane-diethyl ether, mp 146 
°C. A variable temperature 1 H NMR spectroscopic investigation on the salt revealed 
the presence of the two diastereomers with (R* c,R* As):(R* c,S* As) = 43:57 (14% de) at 
22 °C in dichloromethane-d2. The de increased to 35% on cooling the solution to -80 
°C (Figure 3.5). 
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Figure 3.5. lH NMR spectrum of (R* c,R* As)/(R* c,S* As)-(±)-3.16 in the CHMe region 
at -80 °C showing (R* c,R* As):(R* c ,S* As)= 68:32. 
The lack of 3 J HP coupling in (R* c,R* As)/(R* c,S* As)-(±)-3.15 at 23 ° C is 
consistent with the formation of a six-membered chelate ring containing a strong As···O 
interaction. With strengthening of the As···O interaction, the As-P bond becomes 
weaker with loss of 3 JHP coupling. 
3.3.2.2 Synthesis of (Sc,S As)/CScRAs)-(-)-3 .17 ( a-
methyl substituent) 
Following the strategy given in Scheme 3.8, the phosphine-stabilised arsenium 
salt (Sc,S As)/(ScfiA5)-(-)-3.17, configurationally pure at the a-carbon stereocentre, was 
synthesised from (S)-(-)-2-bromo-a-methylbenzyl alcohol, (S)-(-)-(3.18) (Scheme 3.9). 
The alcohol was methylated with iodomethane and sodium hydride in THF, which gave 
an 82% yield of (S)-(-)-3.19 as a colourless oil, bp 48 °C (0.5 mm Hg), [a]21D = -104.8 
(c 1.0, CH2 Cl2). Coupling of this compound as indicated with 
chlorodiphenylphosphine gave (S)-(-)-3.20 in 78% yield as a colourless powder, mp 
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95-97 °C, [a]21D = -125.3 (c 1.0, CH2Cl2). The lH NMR spectrum of the phosphine 
contains a doublet at 8 1.27 for the a-CMe group, a singlet at 8 3.07 for the OMe group, 
a pseudo-pentet at 8 5.14 for the CHMe, and a multiplet at 8 6.87-7.57 for the aromatic 
protons. The reaction of (S)-(-)-3.20 with iodomethylphenylarsine in the presence of 
NH4PF 6 gave (Sc ,R As)/(Sc,S As)-(-)-3.17 in 31 % yield after recrystallisation from 
dichloromethane-diethyl ether, mp 135 °C, [a]21D = -37.0 (c 1.0, CH2Cl2). 
Scheme 3.9. 
Me,,. OH 
~Br 
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(S)-(-)-3.18 
1. Mg, THF 
2. ClPPh2, THF 
Me,,. OMe 
OPPh2 
(S)-(-)-3.20 
THF ~ 
(S)-(-)-3.19 
MePhAsI 
(CH2Cl2) 
NH4PF6 (H20) 
cfsMe ?'Me 't + 
Ph2P--.. ts-Ph 
Me 
PF6-
(Sc,R As)/(Sc,S As)-(-)-3.17 
The salt (Sc,S As)/(Sc,RAs)-(-)-3.17 crystallises in the triclinic space group P 1. 
The structure of the cation of (-)-3.17 is depicted in Figure 3.6; important distances and 
angles are given in Table 3.2 and Appendix D. The As(l)-P(l) distance of 2.372(1 ) A 
in the compound is 0.03 A longer than the sum of covalent radii of the two elements 
(2.31 A).5 The distance As(l)-0(1) of 2.825 A is significantly shorter than the sum of 
the van der Waals radii of the elements (3.4 A),5 but is comparable to the As-0 distance 
in (±)-3.6, viz. 2.878(1) A (Figure 3.2). The configuration at C(7) is S; at arsenic, the 
configuration is R. The angles P(l)-As(l)-C(23), 97 .9(2)°, P(l)-As(l)-C(22), 
97.0(2) °, and C(22)-As(l)-C(23), 101.7(3)° are significantly smaller than those 
expected for regular tetrahedral coordination. The atoms As( 1) and C(22) of the AsM e 
group show only small deviation from the plane defined by the phenyl ring on arsenic. 
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The deviation is -0.0366 A for As(l) and 0.1592 A for C(22). With phosphorus 
coordination, the environment at As( 1) is best described as distorted tetrahedral. 
The lH NMR spectrum of (Sc,RAs)/(Sc,SAs)-(-)-3.17 in dichloromethane-d2 at 
23 °C revealed the presence of two diastereomers with (R* c,R* As):(R* c,S* As) = 43:57 
(14% de) at 22 °C. The de increased to 35% on cooling the solution to -80 °C. The 
reaction of the salt in dichloromethane at -80 °C with n-BuLi inn-hexane resulted in 
the stereoselective synthesis of (S)-(n-butyl)methylphenylarsine of 20% ee (Eqn 3.3). 
The ee of the arsine was determined by metal complexation with the palladium complex 
(S,S)-( + )-1.31. When the reaction was carried out in THF, the arsine showed no 
enantiomeric excess. In THF it appears that the interaction of the methoxymethyl-0 
with the arsenic is eliminated by competition with the solvent, which substantially 
reduces the difference in energy between the two diastereomers. The assignment of 
configurations to the diastereomers of (-)-3.17 at equilibrium is correct on the basis that 
the predominant S arsine is derived from the major diastereomer of the arsenium salt. 
ct:Me (fMe : PF6-T+ 
Ph2P---.. ts-Ph 
Me 
(Sc,R As)/(Sc,S As)-(-)-3.17 
n-BuLi In-hexane T R Ts 
CH2Cl2, -78 °C n-Bu'''···-tii.... Ph 
Me 
As 
Ph
// ··,,/ (3.3) 
n-Bu 
Me 
20% ee (R < S) 
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(~- C22 
Figure 3.6. ORTEP diagram of the cation of (Sc,RAs)-(-)-3.17 (thermal ellipsoids 
enclose 30% probability levels). 
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Table 3.2. Selected non-hydrogen interatomic distances and bond angles for the cation 
of (Sc,R As)-(-)-3.16 
Bond Distances (A) Bond Angles (°) 
As(l)-P(l) 2.372(1) P(l)-As(l)-C(22) 97.0(2) 
As(l)-C(22) 1.944(7) P(l)-As(l)-C(23) 97.9(2) 
As(l)-C(23) 1.944(5) C(22)-As(l)-C(23) 101.7(3) 
P(l)-C(l) 1.824(5) As( 1 )-P( 1 )-C( 1) 115.9(2) 
P(l)-C(lO) 1.806(5) As( 1 )-P( 1)-C(10) 109.1(2) 
P(l)-C(l6) 1.813(5) As( 1 )-P( 1 )-C( 16) 108.5(2) 
As(l)-0(1) 2.825(4) C( 1 )-P( 1)-C(10) 108.7(2) 
C( 1 )-P( 1 )-C( 16) 108.2(2) 
C( 10 )-P( 1 )-C( 16) 106.2(2) 
C(7)-0(l )-C(9) 113.4(4) 
In order to assign the absolute configuration of the tertiary arsine formed in the 
reaction of (Sc,SAs)/(Sc,RAs)-(-)-3.17 with n-BuLi, the racemate (±)-(n-
butyl)methylphenylarsine was resolved with the palladium complex (S,S)-(+)-1.31. 16 
The complexation gave a 1: 1 mixture of the two trans diastereomers (Scheme 3.10), 
which were separated by fractional crystallisation. The less soluble diastereomer, 
(Sc,RAs)-( + )-3.21, is characterised by a triplet centred at o 0. 7 4 for the 
AsCH2CH2CH2Me group in the 1 H NMR spectrum in dichloromethane-d2. The more 
soluble diastereomer has a similar resonance at o 0.91. 
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The molecular structure of (Sc,RAs)-(+)-3.21 is shown in Figure 3.7. The 'soft' 
arsenic donor coordinates with complete regioselectively trans to the dimethylamino 
group of the resolving agent. 17'18 Selected non-hydrogen interatomic distances and bond 
angles are given in Table 3.3 and Appendix E. The absolute configuration at arsenic in 
the complex is R, which corresponds to free arsine of S configuration.t The 
stereochemistry at the chiral carbon stereocentre C( 11) was confirmed as S. 
Since the ee observed for the free arsine (20%) corresponds closely with the de 
of the arsenium salt, it appears that the reaction is proceeding under reactant 
(thermodynamic) control and that both diastereomers of the arsenium salt react with the 
nucleophile at equal or very similar rates. The predominant diastereomer ( + )-3.21 at 
equilibrium is accordingly (Sc,RAs)-3.21. (For further discussion, see Chapter 4.5 
Mechanistic Overview). 
t Since the replacement of a heavy metal atom by a lone pair changes the priority of that ligand from 1 to 
4, the CIP descriptor must be reversed when the ligand is displaced from the metal. Cahn, R. S. ; Ingold, 
C. K.; Prelog, V. Angew. Chem., Int. Ed. Engl. 1966, 5, 385. 
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C(24) 
Figure 3.7. ORTEP diagram of (Sc,RAs)-( + )-3.21 (thermal ellipsoids enclose 30% 
probability levels. (Hydrogen atoms have been omitted for clarity). 
Table 3.3. Selected non-hydrogen interatomic distances and bond angles for the 
cation of (Sc,RAs)-( + )-(3.21) 
Bond Distances (A) Bond Angles (°) 
Pd(l)-As(l) 2.3558(4) As(l)-Pd(l)-N(l) 170.65(7) 
Pd(l)-Cl(l) 2.3939(8) Cl( 1 )-Pd( 1 )-C( 1) 170.30(8) 
Pd(l)-N(l) 2.122(2) C( 15)-As( 1 )-C( 16) 102.2(2) 
Pd(l)-C(l) 1.997(3) C( 15)-As( 1 )-C(20) 100.2(2) 
As(l )-C(l 5) 1.942(3) C( 16)-As( 1 )-C(20) 102.6(1) 
As(l)-C(16) 1.958(4) C(10)-C(l 1)-C(l2) 108.9(3) 
As(l)-C(20) 1.942(3) N(l)-C(l 1)-C(12) 112.3(3) 
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3.3.2.3. Synthesis of (R* c,R* As)/(R* c,S* As)-(+)-3.22 
(a-phenyl substituent) 
We have investigated the effect of introducing a phenyl substituent at the a-
carbon stereocentre by preparing (R* c,R* As)l(R* c,S* As)-(±)-3.22 (Scheme 3.11). 
Scheme 3.11 
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NH4PF6 (H20) 
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CfMe 
t+ 
Ph2P~ts-Ph PF6-
Me 
(R* c,R* As)l(R* c,S* As)-(±)-3.22 
The salt (R* c,R* As)/(R* c,S* As)-(±)-3.22 was isolated in 7% overall yield from 
2-bromobenzaldehyde. Although the coupling steps and alcohol protection steps each 
gave high yields, 75% and 93% respectively, the addition of chlorodiphenylphosphine 
to (±)-3.23 afforded (±)-3.24 in 42% yield. The arsenium salt (R* c,R* As)/(R* c,S* As)-
(±)-3.22 was isolated in a 24% yield as indicated in the scheme. The 31 P { 1 H} NMR 
spectrum of phosphine (±)-3.24 contained a single phosphorus resonance at 8p -15. 7. 
The resonance shifted downfield upon coordination to arsenic to give two singlets of 
unequal intensity at 8p 24.8 and 21.2. At 23 °C, (R* c,R* As):(R* c,S* As) = ca. 54:46. 
Cooling of the sample to -80 °C, increased the ratio to 70:30 ( 40% de). Thus, the 
bulkier phenyl substituent at the a-carbon stereocentre increased the de by 6% 
compared to the corresponding me thy 1 compound at -80 ° C. The difficulty of preparing 
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the phosphine (±)-3.24, and the need to resolve it before an asymmetric synthesis could 
be attempted, ruled out this auxiliary for investigation in the present work. 
3.3.2.4 Substituent Effect at Phosphorus 
The importance of the phenyl substituents on phosphorus was ascertained by 
preparing the PM e2 compound (Sc,S As)/(Sc,RA5)-( + )-3.25 following the procedures 
given in Scheme 3.9, and comparing the low temperature NMR data with those of the 
PPh2 derivative (Sc,S As)/(Sc,RAs)-(-)-3.17. Thus, coupling of chlorodimethyl-
phosphine with (S)-(-)-3.19 gave the (S)-phosphine, which was reacted with 
iodomethylphenylarsine in the presence of ammonium hexafluorophosphate to give 
(Sc,SA5)/(Sc,RAs)-(+)-3.25 as an air-stable crystalline solid, mp 130-131 QC. 
qYMe rMe 
l+ 
Me-r--~fs-Ph PF6-
Me Me 
(Sc,S As)/(Sc,RA5)- ( + )-3.25 
The 1 H NMR spectrum of (Sc,SA5)/(Sc,RAs)-(+)-3.25 at 23 QC in 
dichloromethane-d2 showed no de, although, at -80 QC, there was a small excess 
(5-10%). The reaction of (Sc,SA5)/(Sc,RAs)-(+)-3.25 at -80 QC with n-BuLi in a 
solution of CH2Cl2 gave (R)-(n-butyl)methylphenylarsine of ca. 10% ee. The PPh2 
compound (Sc,S As)/(Sc,RAs)-(-)-3.17 gave the arsine in 20% ee under similar 
conditions. 
3.3.2.5 Substituents at Oxygen 
By the reaction shown in Scheme 3 .12, (R * c ,R* As)/(R* c ,S* As)-(±)-{ [2-(1-
benzyloxyethyl)pheny lJ diphenylphosphine} me thy lphenylarsenium hexafluoro -
phosphate, (R* c,R* As)l(R* c ,S* As)-(±)-3.26, was synthesised. Thus , (±)-l-bromo-2-(1-
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benzyloxyethyl)benzene, (±)-3.27, was isolated as a viscous oil that distilled at 125-126 
QC (0.4 mmHg). The I H NMR spectrum of (±)-3.27 in chloroform-d1 exhibits a doublet 
at 8 1.44 (CHMe), diastereotopic benzyl-CH2 resonances at 8 4.32 and 4.45 , and a 
quartet at 8 4.92 (CHCH3). The aromatic protons appear as a broad multiplet at 8 
7 .10-7 .61. The coupling of (±)-3.27 to chlorodiphenylphosphine gave the desired 
phosphine (±)-3.28 in 63% yield, which was complexed with iodomethylphenylarsine in 
dichloromethane-aqueous NH4PF6 to give the arsenium salt (R* c ,R* As)/(R* c ,S* As)-(±)-
3.26 in 28 % yield after recrystallisation. The I H NMR spectrum of 
(R* c ,R* As)/(R* c,S* As)-(±)-3.26 in dichloromethane-d2 at 295 K indicated two 
diastereomers with (R* c,R* As):(R* c ,S* As) = 60:40. The 20% de at room temperature 
increased to 40% at -80 QC. With cooling of the solution, the AsMe resonances 
broadened and emerged as two overlapping doublets (3 J HP = 9 .3 Hz) of unequal 
intensity at 283 K. 
Scheme 3.12 
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The 40% de at -80 QC for (R* c,R* As)/(R* c,S* As)-(±)-3.26, together with the 
relative ease of obtaining the enantiopure starting material (S)-(-)-3.18, permitted the 
synthesis of (Sc,S As)/(Sc,R As)-(+)-{ [2-( 1-benzyloxyethyl)pheny l]diphenylphosphine} 
methylphenylarsenium hexafluorophosphate, (Sc,S As)/(ScfiAs)-( + )-3.29. The auxiliary 
(S)-(-)-3.27 was synthesised in 82% yield from (S)-(-)-3.18 with sodium hydride and 
benzyl bromide in THF and had bp 100-104 QC, [a]210 = --46.30 (c 1.0, CH2Cl2). The 
Grignard coupling of the compound to chlorodiphenylphosphine gave (S)-(-)-3.28 in 
68% yield, mp 64-66 QC, [a]210 = -71.17 (c 1.0, CH2Cl2). The reaction of (S)-(-)-3.28 
with iodomethylphenylarsine in the presence of NH4PF6 gave (Sc,S As)/(Sc,RAs)-( + )-
3.29, which was isolated as colourless crystals in 26% yield, mp 132-134 QC, [a]21 0 = 
+31.0 (c 1.0, CH2Cl2). 
q>/Me ~ t+ V 
Ph2P~ts-Ph pp6-
Me 
(Sc,S As)/(Sc,RAs)-( + )-3.29 
The enantiomerically pure arsenium salt crystallises as the diastereomer 
(Sc,S As)-3.29 in the monoclinic space group P21. The st~cture of the cation is given in 
Figure 3.8. Selected non-hydrogen interatomic distances and angles for the compound 
are given in Table 3.4 and Appendix F. The distances and angles in the cation are 
similar to those found for the methoxymethyl analogue (Sc,RAs)-(-)-3.17. The As-P 
distance of 2.3714(8) A is typical. As(l) and C(28) show only small deviation from the 
plane defined by phenyl group. Unlike the methoxymethyl compound, however, no 
interaction between arsenic and oxygen was found. The intramolecular distance 
between these elements is 6.100(2) A and the closest intermolecular distance is 
6.522(2) A. 
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Figure 3.8. ORTEP diagram of the cation of (Sc,S As)-(+ )-3.29 with labelling of 
selected atoms (ellipsoids show 30% probability levels). 
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Table 3.4. Selected non-hydrogen interatomic distances and angles for the cation of 
(Sc,S As)-(+ )-3.29 
Bond Distances (A) Bond Angles (°) 
As(l)-P(l) 2.3714(8) P( 1 )-As( 1 )-C(28) 95.8(1) 
As( 1 )-C(28) 1.949(4) P(l)-As(l)-C(29) 95.88(9) 
As( 1 )-C(29) 1.949(3) C(28)-As( 1 )-C(29) 100.9(1) 
P(l)-C(l) 1.821(3) As(l)-P(l)-C(l) 109.1(1) 
P(l)-C(l6) 1.789(3) As( 1 )-P( 1 )-C( 16) 109.7(1) 
P(l)-C(22) 1.815(3) As(l)-P(l)-C(22) 107.9(1) 
As(l)-0(1) 6.100(2) C( 1 )-P( 1 )-C( 16) 109.1(2) 
C( 1 )-P( 1 )-C(22) 109.0(1) 
C( 16)-P( 1 )-C(22) 111.9(1) 
The reaction of (Sc,S As)/(Sc,R As)-(+ )-3.29 in CH2Cl2 at -80 ° C with n-B uLi 
gave (S)-(n-Bu)MePhAs of 30% ee. The enantiomeric excess was determined by 
reacting the products with (S, S)-( + )-1.31 and determining the ratio of the two 
diastereomers formed by 1 H NMR spectroscopy in the usual way. 
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4.1 Introduction 
Axially dissymmetric phosphines containing the 1, 1 '-binaphthyl group, as in (±)-
4.1, have been employed as chiral auxiliaries in asymmetric synthesis. 1•2 They have 
been used in conjunction with Ru(II), Pt(II), and Rh(I) for the enantioselective catalytic 
hydrogenation and hydroformylation of olefins. 1 The atropisomeric 
dinaphthophospholes (±)-4.1, therefore presented themselves as potential auxiliaries for 
the asymmetric synthesis of chiral arsines via phosphine-stabilised arsenium salts. 
Unfortunately, the more readily prepared phosphafluorenes, (±)-4.2, do not lend 
themselves to optical resolution because of their low barriers to inversion, viz. 55-60 kJ 
mol-1 (R = Ph).3-5 
A notable feature of a phosphepine is that the phosphorus atom is not a 
stereogenic centre because it is located on the C2 axis of the 1,1'-binapthyl group.
3 This 
means that an enantiopure phosphine of this type cannot racemise at phosphorus, which 
is an important consideration in the light of our earlier work concerning the 
epimerisation of (Rp,RAs)l(Rp,S As)-(±)-3.9) by iodomethylphenylarsine (Chapter 2). 
Phosphepine-stabilised arsenium salts would therefore appear to have considerable 
potential as reagents for the asymmetric synthesis of chiral tertiary arsines. 
~ 
~ 
(±)-4.1 
(R = Me, Ph) 
P-R P-R 
(±)-4.2 
(R = H, Ph, Me, Et) 
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4.2 Phosphepine Synthesis 
The phosphepine (±)-4.3 was synthesised by adaptations of literature procedures 
(Scheme 4.1).3'6'7 
The coupling of the l-bromo-2-methylnaphthalene with the corresponding 
Grignard reagent was achieved in the presence of a catalytic amount of 
bis(triphenylphosphine)dichloronickel(II),8 giving (±)-2,2'-dimethyl-1 , l '-binaphthyl, 
(±)-4.4, in 80% yield after distillation. Metallation of (±)-4.4 with n-BuLi in diethyl 
ether afforded the dilithium compound (±)-4.5, which was isolated as a deep-red 
crystalline solid. The crystal structure of this compound has been determined.7 The 
reaction of the salt in THF with chlorodiphenylphosphine at 23 °C over 24 h gave the 
desired phosphepine (±)-4.3, which was isolated in 24% yield following flash 
chromatography. The 31 P { 1 H} NMR chemical shift for the compound was identical 
with the literature value, viz. 8p 6.99 in chloroform-d1. 3 
Scheme 4.1 
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4.3 Phosphepine-Stabilised Arsenium Salts 
The reaction of the phosphepine (±)-4.3 with iodomethylphenylarsine in 
dichloromethane-aqueous NH4PF6 gave the phosphepine-stabilised arsenium salt 
(R* c,R* As)/(R* c,S* As)-(±)-4.6t in 15% yield (Eqn 4.1). It crystallised from 
dichloromethane-diethyl ether as an air-stable crystalline solid, mp 219-220 °C. The 
1 H NMR spectrum of the salt in dichloromethane-d2 contains twenty two overlapping 
resonances for the aromatic protons, two sets of four lines between 8 4.28-4.51 , and a 
multiplet at 8 3.67-3 .81 for the diastereotopic methylene protons. A single peak was 
observed at 8 1.80 for the AsMe group, which showed no 3JHP coupling at 23 °C. The 
31 P { 1 H} NMR spectrum of the compound in dichloromethane-d2 consisted of a singlet 
at 8p 38.1. 
p-0 
(±)-4.3 
MePhAsI 
(CH2Cl2) 
NH4PF6 (H20) 
0 p"' + 
MrPh 
(4.1 ) 
PF6-
(R* c ,R* As)/(R* c ,S* As)-(±)-4.6 
The methoxymethyl derivative (R* c,R* As)/(R* c,S* As)-(±)-4.7 was al so 
synthesised, as shown in Scheme 4.2. The 1 H NMR spectrum of the dichlorophosphine 
4.8 in chloroform-d1 exhibits a singlet at 8 3.40 (OM e) and a singlet at 8 4.71 (CH2). 
The aromatic protons appear as a series of multiplets between 8 7 .26 and 8.22. The 
3lp{1H}NMR spectrum of the compound consists of a sharp singlet at 8p 158.6. 
Coupling of 4.8 to the dilithio compound (±)-4.5 in THF over 24 h afforded the 
phosphepine (±)-4.9, which was isolated as an oil by flash chromatography. The 1 H 
NMR spectrum of (±)-4.9 in chloroform-d 1 shows the expected diastereotopic 
methylene proton resonances for the chiral system. The seven-membered cyclic ring 
gives rise in the 1 H NMR spectrum to a multiplet at 8 2.72-3.25 for the ring methylene 
t The axially dissymmetric binaphthophosphepine group has been designated R* c-
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protons and two set of doublets for the methylene protons adjacent to oxygen at 8 4.59 
and 4.87. The 31p{ lH} NMR spectrum consists of a single phosphorus resonance at 8p 
-9.62, which is similar in value to that found for the parent phosphepine (±)-4.3, viz. 8p 
6.99.3 The reaction of (±)-4 . 9 with iodomethylphenylarsine in 
dichloromethane-aqueous NH4PF6 furnished (R* c,R* As)/(R* c,S* As)-(±)-4.7. The 
31 P { 1 H} NMR spectrum of the salt in dichloromethane-d2 at 25 ° C indicated an unequal 
mixture of the two diastereomers, viz. (R* c,R* As)-(±)-4.7: (R* c,S* As)-(±)-4.7 = 77:23 
(54% de). Cooling the solution to -90 °C increased the de to 86% (Figure 4.1). 
Scheme 4.2 
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42 40 38 36 bp 
Figure 4.1 The 31 P{ 1 H} NMR spectrum of (R* c,R* As)/(R* c,S* As)-(±)-4.7 in 
dichloromethane-d2 showing the ratio of (R* c,R* As):(R* c,S* As) = 93 :7 
at-90 °C. 
4.4 Resolution of Phosphepine Ligands 
The resolution of the (±)-4-(2-methoxymethylphenyl)-4,5-dihydro-3H-
dinaphtho[2, 1-c; 1 ',2'-e ]phosphepine (±)-4.9 can be achieved by two routes. The first 
involves a conventional resolution of the racemic phosphepine with an enantiomerically 
pure ortho-metallated benzylamine-palladium(II) resolving agent, following the method 
of Gladiali et al.3 Alternatively, (±)-2,2'-dimethyl-l, 1 '-binaphthyl can be resolved and 
the phosphepine synthesised from it, as in the work of Maigrot et al.6 Both approaches 
have been explored here and are described in the sections that follow. 
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4.4.1 Resolution via Phosphephine-Metal Complexation 
Two equivalents of the phosphepine (±)-4.9 were reacted with the resolving 
complex (R,R)-(-)-1.30 in dichloromethane. This gave an equimolar mixture of the two 
trans diastereomers, as indicated in the 3 l P { I H} NMR spectrum in dichloromethane-d2, 
viz. (Rc,Rc), 8p 35.6, and (Rc,Sc), 8p 36.2. One crystallisation of the mixture from 
dichloromethane-n-hexane gave the less soluble diastereomer (Rc,Sc)-(-)-4.10 of > 
99% purity (as determined by lH and 31p{1H} NMR spectroscopy), but in only 30% 
yield. The absolute configuration of the phosphepine was determined as S by a single 
crystal X-ray structure determination on (Rc,Sc)-(- )-4.10. The structure is shown in 
Figure 4.2 (Appendix G). The most important distances and angles in the compound 
are given in Table 4.1. 
Diastereomer (Rc,Sc)-(-)-4.10 crystallises in the monoclinic space group P21. 
The Pd(l)-P(l) distance of 2.2546(6) A is similar to the Pd-P distance of 2.248(1 ) A in 
a related complex.3 The main features of the structure are the distorted skew-boat 
conformation of the seven-membered phosphepine ring and the large dihedral angle 
between the two naphthyl rings, viz. C(l8)-C(l9)-C(20)-C(21) 67.0(3)° . 
The enantiomerically pure phosphepine was liberated from the complex by 
treatment with 1,2-diaminoethane in dichloromethane. The solvent was removed, and 
the phosphepine (S)-(-)-4.9 was extracted into the organic phase on addition of diethyl 
ether. Removal of the solvent from the extract after drying (MgS04) gave (S)-(- )-4.9 as 
an oil (72% yield) having [a]21D = -152.5 (c 1.0, CH2Cl2) and 8p = -9.7. 
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C4 
Figure 4.2 ORTEP diagram of (Rc,Sc)-(-)-4.10 with atom labelling (ellipsoids 
enclose 30% probability levels). Hydrogen atoms have been omitted for 
clarity. 
Chapter 4 90 
Table 4.1 Selected non-hydrogen interatomic distances and bond angles for 
(Rc,Sc)-(-)-4.10. 
Bond Distances (A) Bond Angles (°) 
Pd(l)-Cl(l) 2.4107(6) Cl( 1 )-Pd( 1 )-P( 1) 94.07(2) 
Pd(l)-P(l) 2.2546(6) Cl( 1 )-Pd(l )-N (1) 91.76(6) 
Pd(l)-N(l) 2.154(2) Cl( 1 )-Pd( 1 )-C(3 l) 171.85(7) 
Pd( 1 )-C(31) 2.004(2) P(l)-Pd(l)-N(l) 172.30(6) 
P(l)-C(l) 1.839(2) P( 1 )-Pd( 1 )-C(31) 93.35(7) 
P(l)-C(9) 1.848(2) N ( 1 )-Pd( 1 )-C(3 l) 81.16(9) 
P(l)-C(30) 1.835(2) Pd( 1 )-P( 1 )-C( 1) 119.58(8) 
Pd(l )-P(l )-C(9) 114.24(8) 
Pd( 1 )-P( 1 )-C(30) 112.45(8) 
C( 1 )-P( 1 )-C(9) 104.4(1) 
C( 1 )-P( 1 )-C(30) 104.0(1) 
C(9)-P(l)-C(30) 99.8(1) 
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Synthesis via Enantiomers of (+)-2,2'-dimethyl-
1, l '-binaphthyl 
The resolution of (±)-2,2'-dimethyl-1, 1 '-binaphthyl, its lithiation, and ring 
cyclisation with phosphorus was straightforward. (±)-2,2'-Dimethyl-1,1'-binaphthyl 
was resolved by the literature method (Scheme 4.3). 6 Treatment of the (±)-4.4 with N-
bromosuccinimide (NBS) and benzoyl peroxide in carbon tetrachloride afforded the 
dibromo compound (±)-4.11 in 50% yield. When reacted with an excess of ( 1R,2S)-(-)-
ephedrine in boiling benzene-acetonitrile, the dibromide gave an almost quantitative 
yield of the quaternary ammonium salts (1R,2S,Sc)-4.12 and (1R,2S,Rc)-4.12. Less 
soluble (1R,2S,Sc)-4.12 crystallised from 95% ethanol in 84% yield in a single 
crystallisation. The reductive decomposition of (1R,2S,Sc)-4.12 in boiling THF 
containing an excess of LAH and a catalytic amount of nickel(II) chloride afforded 
(Sc)-(-)-4.4, [a]2ID = 19.0 (c 1.3, ethanol), which was treated with n-BuLi in diethyl 
ether to give the dilithium compound (Sc)-4.5; the latter crystallised as deep red crystals 
(57% yield). The salt is air and moisture sensitive. The reaction of (Sc)-4.5 with (2-
methoxymethy lphenyl)dichlorophosphine in THF gave the enantiomerically pure 
phosphepine (Sc)-(-)-4.9 in 15% yield (Eqn 4.2). The enantiomerically pure 
phosphepine (Sc)-(-)-4.9, [a]21n = -180.0 (c 1.0, CH2Cl2), precipitated from 
dichloromethane upon the addition of diethyl ether as a microcrystalline powder, mp 
239-240 °C. The enantiomerially pure and racemic phosphepines had identical I H and 
3Ip{1H} NMR spectra in chloroform-d1. 
Li c\ THF ~ / \y + /y (4.2) Li Cl 
OMe OMe 
(Sc)-4.5 4.8 (Sc)-(-)-4.9 
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4.4.3 Synthesis of (Sc,S As)/(Sc,RAs)-( + )-4. 7 
Complexation of (Sc)-(-)-4. 9 with iodomethylphenylarsine m 
dichloromethane-aqueous NH4PF6 furnished the phosphepine-stabilised arsenium salt 
(Sc,S As)/(Sc,R As)-(+ )-4. 7 in 8 8 % yield. Recrystallisation of the salt from 
dichloromethane-diethyl ether gave crystals having mp 179-180 °C, [cx]21D = +71.3 (c 
1.0, CH2Cl2) (the racemate (R* c,R* As)/(R* c,S* As)-(±)-4.7 has mp 164-168 °C). The 
structure of the cation of (Sc,RAs)-( + )-4.7 is shown in Figure 4.3. The most important 
distances and angles in the cation are given in Table 4.2 and Appendix H. The As-0 
distance in the cation is 2.847(3) A (van der Waals radii of the two elements: 3.4 A).9 
The configuration at arsenic is R. The geometry at As is distorted tetrahedral. Atoms 
As(l) and C(31) deviate only slightly from the plane of the arsenic-phenyl group, 
-0.1703 A and -0.3489 A, respectively 
Table 4.2. Selected non-hydrogen interatomic distances and bond angles for the 
cation of (Sc,RAs)-( + )-4.7 
Bond Distances (A) Bond Angles (°) 
As(l)-P(l) 2.359(1) P(l)-As(l)-C(3 l) 94.3(1) 
As(l)-C(3 l) 1.956(4) P(l)-As(l)-C(32) 99.0(1) 
As(l)-C(32) 1.957(4) C(31)-As(l)-C(32) 100.4(2) 
P(l)-C(l) 1.799(4) As( 1 )-P( 1 )-C( 1) 112.8(1) 
P(l)-C(9) 1.828(4) As( 1 )-P( 1 )-C(9) 110.4(1) 
P(l)-C(30) 1.825(4) As( 1 )-P( 1 )-C(30) 109.2(1) 
As(l)-0(1) 2.847(3) C( 1 )-P( 1 )-C(9) 111.2(2) 
C( 1 )-P( 1 )-C(30) 110.2(2) 
C(9)-P( 1 )-C(30) 102.5(2) 
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Figure 4.3 ORTEP diagram of cation of (Sc,RA5)-(+)-4.7 (ellipsoids enclose 30% 
probability levels). Hydrogen atoms have been omitted for clarity. 
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The reaction of (Sc,RAs)/(Sc,S As)-(+ )-4.7 in dichloromethane with n-BuLi at 
-80 °C produced (R)-(n-butyl)methylphenylarsine in 72% ee, as determined by 
complexation of the arsine with (S,S)-(+)-1.31 and recording the lH NMR spectrum. 
The ee corresponds closely with the de of the salt (Sc,R As)/(Sc,S As)-(+ )-4.7 at -50 °C. 
Because of low solubility, the solution of n-BuLi inn-hexane at 23 °C was slowly added 
to a dichloromethane solution of the arsenium salt at -80 °C. The slight warming of the 
reaction mixture during the addition may account for the discrepancy between the de of 
the arsenium salt and the ee of the product. 
4.4.4 Synthesis of (Sc,S As)/(Sc,RAs)-(-)-4.13 
To investigate the general applicability of the phosphine (Sc)-(-)-4.9 as a chiral 
auxiliary for the asymmetric synthesis of tertiary arsines, the phosphepine-stabilised 
methyl( 1-naphthyl)arsenium salt (Sc,S As)/(Sc,R As)-(-)-4.13 was synthesised. 
y 
OMe 
(Sc)-(-)-4.9 
MeNaphAsI 
(CH2Cl2) 
NH4PF6 (H20) 
K } \ PF6-
1s,C\ McP/ R,S Me 
I/ ~ 
I/ -
(Sc,S As)/(Sc,R As)-(-)-4.13 
(4.3) 
The addition of the phosphepine (Sc)-(-)-4.9 to iodomethylnaphthylarsine in 
dichloromethane containing aqueous NH4PF6 gave (Sc,SAs)/(Sc,RAs)-(-)-4.13 in 97% 
yield, [a]21 0 = -72.l (c 1.0, CH2Cl2) (Eqn 4.3). Recrystallisation of the crude product 
from dichloromethane-diethyl ether gave the pure compound as an air-stable crystalline 
solid, mp 203-204 °C. A 31p{ lH} NMR spectrum of the compound in 
dichloromethane-d2 at 23 °C indicated a de of 57%. Upon cooling the solution to -90 
°C, this value increased to 88%. The AsMe group in the adduct at 23 °C resonates as a 
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singlet in the lH NMR spectrum, but splits into a doublet at-90 CC with 3JHP = 16.2 
Hz. Also observed in the 1 H NMR spectrum at -90 CC are broad singlets at 8 2.45 and 
3.10 for the methylene protons adjacent to oxygen, a multiplet at 8 3.56-3.66 for the 
methoxymethyl-CH2 resonance and phosphepine methylene groups, and multiplets at 8 
4.05 and 4.48 for the phosphepine methylene groups. The aromatic proton resonances 
appear in the range 8 6.61-8.34 as a broad set of overlapping signals. 
The reaction of the salt (Sc,S As)/(Sc,RAs)-(-)-4.13 in dichloromethane with 
n -BuLi in n -hexane at -80 CC resulted in the formation of (R)-(n-
butyl)methylnaphthylarsine in 77% ee, as determined by complexation with (S,S)-( + )-
1.31 (Figure 4.4 ). 
(S,S) 
(S,R) 
0.91 0.74 8 
Figure 4.4. 1 H NMR spectrum showing AsCH2CH2CH2CH3 resonances of 
diastereomers of enantiomerically enriched (±)-(n-butyl)methyl-
naphthylarsine coordinated to (S,S)-( + )-1.31. 
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4.4.5 Synthesis of (Sc,S As)/(Sc,RAs)-( + )-4.14 
The phosphepine-stabilised mesitylmethylarsenium hexafluorophosphate salt 
(Sc,S As)/(Sc,RAs)-( + )-4.14 was also synthesised. By increasing the steric bulk of 
substituents at arsenic, it was hoped that the de of the arsenium salt would increase. 
The iodomethylmesitylarsine, (±)-4.15, was synthesised in 57% overall yield in 3 steps 
from mesityl bromide (Scheme 4.4 ). The addition of mesitylmagnesium bromide to 
iododimethylarsine afforded mesityldimethylarsine in 72% yield. 10 Bromination of the 
arsine, followed by thermal elimination of methyl bromide from the adduct, 11 gave 
bromomethylmesitylarsine as a pale yellow oil. Exchange of bromine for iodine in the 
compound was achieved with use of sodium iodide in acetone. Distillation of the crude 
iodide gave pure (±)-4.15 as an orange oil, bp 100-105 °C (0.2 mm Hg). The 1 H NMR 
spectrum of the iodoarsine in chloroform-d1 consisted of a singlet at 8 2.24 (AsMe), a 
singlet at 8 2.27 (p-C6H4Me), a singlet at 8 2.59 (o-C6H4Me), and a singlet for the 
aromatic protons at 8 6.86. Complexation of 4.15 with enantiomerically pure (Sc)-(-)-
4.9 in dichloromethane-aqueous NH4PF6 gave (Sc,SAs)/(Sc,RAs)-(+)-4.14 in 36% 
yield. 
-?' 
~ 
~~ 
\+,O-Me 
M{A\--t...Me 
M~ 
Me 
(Sc,S As)/(Sc,RAs)-( + )-4.14 
pp6-
The 31P{ 1H} NMR spectrum of (Sc,SA5)/(Sc,RAs)-(+)-4.14 in dichloromethane 
at 23 °C indicates a diastereomeric excess of 16%, which increased to 28% at -90 °C. 
The increased steric bulk of the aryl substituent at arsenic reduced the de of the 
arsenium salt. Nevertheless, a solution of (Sc,S As)/(Sc,RA5)-( + )-4.14 in 
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dichloromethane at -80 °C reacted with n-BuLi in n-hexane to give the (R)-(n-
butyl)methylmesitylarsine of 56% ee. 
Scheme 4.4 
r 
tMei 
Me.... A ... Me 1. Mg, Et20 Me.... ... Me 
2. Me2Asl 
I 
Me Me 
sMel 
1.Br2 M~Me Nal Me.....~ ... Me 
--
2. ~,-MeBr ~ Me2CO 
Me Me 
(±)-4.15 
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4.5 Mechanistic Overview 
4.5 .1 Crystallisation of Phosphine-Stabilised Arsenium Salts 
Phosphine-stabilised arsenium salts, chiral at phosphorus and arsenic, are 
kinetically labile and crystallise by crystallisation-induced asymmetric transformation 
as a single diastereomer. 12·13 If the phosphine is a single enantiomer, this process can 
deliver a single enantiomer of one of the two diastereomers of the phosphine-stabilised 
arsenium salt in quantitative yield, not the 50% possible for complete recovery of a 
racemate by conventional resolution. The compound that crystallises is not necessarily 
the one that predominates at equilibrium. 13 When a phosphine coordinates to a trigonal 
planar arsenium ion of the type R 1 R 2 As+, it can do so from the pro-R or the pro-S face 
of the ion. (Scheme 4.5). Coordination of the phosphine to the pro-R face of the 
unsymmetrically substituted arsenium ion leads to a phosphine-stabilised arsenium 
stereocentre of R configuration; the S absolute configuration at arsenic results from 
attack at the pro-S face. This is the primary discrimination step in the asymmetric 
synthesis of a tertiary arsine by this route. The kinetic diastereoselectivity of phosphine 
addition at the prochiral arsenium centre is lost however, by a subsequent 
rearrangement of the labile phosphine-stabilised arsenium salts into a thermodynamic 
mixture of the two diastereomers. The absolute configuration of the arsenic 
stereocentre in a phosphine-stabilised arsenium salt in the solid state can be determined 
by X-ray crystallography. The preferred configuration at arsenic minimises steric strain 
between the phenyl substituent on arsenic and the oxygen, thus facilitates the As···O 
interaction. This can be seen in Figure 4.5 for (Sc,RA8)-(-)-3.17 where the discrete 
As···O interaction is 2.825( 4) A compared with the sum of the van der Waals radii of 
the two elements of 3 .4 A.9 
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Figure 4.5. ORTEP diagram of cations of (Sc,RAs)-(-)-3.17 (top) and (Sc,SAs)-(+)-
3.29 (bottom) with labelling of selected atoms ( ellipsoids enclose 30% probability 
levels). 
Salt (-)-3.17 crystallises by a crystallisation-induced asymmetric transformation 
as the enantiomerically pure diastereomer (Sc,RAs)-(-)-3.17 in 31 % yield. In 
dichloromethane-d2 at -80 °C, the compound exists as the equilibrium mixture 
(Sc,RAs)-3.17: (Sc,SAs)-3.17 = 33:67 (de 34%). The assignment of resonances for the 
diastereomers is arbitrary. When an n-hexane solution of n-BuLi is added to the 
solution at -80 °C, however, (S)-(n-butyl)methylphenylarsine of 20% ee is obtained 
(along with the pure phosphine auxiliary), which would indicate that the diastereomer 
(Sc,S As)-3.17 was the abundant diastereomer in solution and there was little kinetic 
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discrimination between the diastereomers by the nucleophile. In (Sc,S As)-(+ )-3.29, 
where in the solid state the As···O interaction is absent, the S arsine is also produced 
when an n-hexane solution of n-BuLi is added to the solution at -80 °C, affording (S)-
(n-butyl)methylphenylarsine in 30% ee. 
Scheme 4.sa 
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aR3P* is the generic form of the chiral phosphine, which is not necessarily chiral 
at phosphorus. 
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4.5.2 Nucleophilic Addition at Prochiral Arsenium Centres 
The absolute configuration of the product of attack by a nucleophile at the prochiral 
arsenium centre in a phosphine-stabilised arsenium salt is consistent with attack at the 
axial site, opposite the phosphine, by an SN2-type process. Thus, the predominant 
enantiomer of the arsine has the configuration of the arsenic stereocentre in the most 
abundant diastereomer of the starting material under the reaction conditions (Scheme 
4.5). The rates of attack of the nucleophile at the phosphine-stabilised arsenium centre 
of each diastereomer appear to be in most cases similar because the diastereomeric 
excess of the starting material at equilibrium is reflected in the enantiomeric excess of 
the product (reactant control). 14 This effect is pronounced when the substituents on 
arsenic are methyl, naphthyl, and phenyl groups. For example, ( + )-4.7, which 
crystallises as (Sc,RAs)-4.7 but has (Sc,SAs):(Sc,RAs) = 7:93 (86% de) in 
dichloromethane at -90 °C, gave, upon reaction with n-BuLi at -80 °C, (R)-(n-
butyl)methylphenylarsine of 72% ee. When the mesityl group was present on arsenic, 
as in ( + )-4.14, where (Sc,S As):(Sc,RAs) = 36:64 (28% de) in dichloromethane at -90 °C, 
(R)-(n-butyl)mesitylmethylarsine of 56% ee was produced. Here, the (Sc,RAs) 
diastereomer of the starting material appears to be considerable more reactive than the 
(Sc,S As) diastereomer and the reaction is proceeding under kinetic rather than 
thermodynamic control. The bulky mesityl group appears to reduce nucleophilic 
addition at the arsenium ion in the (Sc,S As)-(+ )-4.14 diastereomer. 
R~ 
~~ 
\+/C\ 
\+,O-Me 
As PF - M{~e pp6-M(OMe 6 
I/ ~ 
M I/ ~ 
Me 
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5.1 General 
Reactions involving air-sensitive compounds' were performed under an 
atmosphere of nitrogen with the use of the Schlenk technique. 1 Solvents were purified, 
dried and distilled by conventional methods, and were stored under an atmosphere of 
nitrogen.2 lH, 13c, and 3Ip NMR spectra were recorded on a Varian Gemini 300 
Spectrometer operating at 300.075, 75.462 and 121.470 MHz, respectively. 1 Hand Be 
NMR spectra were referenced against the solvent or (CH3)4Si. 31 P NMR shifts are 
quoted relative to external aqueous H3P04 (85%). Variable temperature lH and 3 lp 
NMR experiments were carried out on a Varian VXR-300 spectrometer. 
Electron impact mass spectra were recorded on a VG AUTOSPEC spectrometer 
and electrospray mass spectra on a VG-QUATTRO II spectrometer. Fast atom 
bombardment (FAB) mass spectra were recorded on a VG Analytical ZAB-2SEQ mass 
spectrometer (ionisation: 30 ke V Cs+ ions) in a matrix of 3-nitrobenzyl alcohol. 
Elemental analyses were carried out by staff within the Research School of Chemistry. 
Optical rotations were measured on a Perkin-Elmer Model 241 spectropolarimeter at 21 
~Cina 1-dm cell, under the conditions specified. 
The phosphine ligands PMe3 ,
3 PMe2Ph,
4 PMePhi,5 PBnMePh,6 
Me2P(CH2)iPMe2,7 Me2P(C6H4)PMe2,8 (R *,R*)-MePhP(C6H4)PMePh,9 and the 
iodoarsines AsMe2I, 10 and AsMePhI, 11 were synthesised by literature methods. 
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5.2 Experimental Section: Chapter 2 
5 .2.1 Synthesis of phosphine-stabilised arsenium iodides 
The compounds (trimethylphosphine-P)dimethylarsenic(III) iodide, 
( dimethylphenylphosphine-P) dime thy 1 a rs en i c (III) iodide , and 
(methyldiphenylphosphine-P)dimethylarsenic(III) iodide were prepared according to 
literature methods. 12 
(Trimethylphosphine-P)dimethylarsenic(Ill) iodide (2.6) 
Colourless powder. Yield (52%); mp > 140 CC 
(subl.). Anal. Calcd for C5H 15AsIP: C, 19.5; H, 4.9. 
Found: C, 19.2; H, 4.8. 1H NMR (CD30D): 8 1.34 (s , 6 H, 
AsCH3), 1.82 (d, 21HP = 14.0 Hz, 9 H PCH3). 31 P { 1 H} 
NMR (CD30D): 8 7.62 (s). ES MS: m/z 181 ([M-I]+). 
(Dimethylphenylphosphine-P)dimethylarsenic(lll) iodide (2. 7) 
Transparent crystals. Recrystallised from 
MeOH-Et20. Yield (95%); mp > 90 CC (subl.). Anal. 
Calcd for C10H17AsIP: C, 32.5; H, 4.6. Found: C, 32.2; 
H, 4.5. lH NMR (CD30D): 8 1.32 (s, 6 H, AsCH3), 2.30 
+ Me3P~ AsMe2 I-
+ Me2PhP~AsMe2 I -
(d, 21HP = 19.7 Hz, 6 H, PCH3), 7.65-7.89 (m, 5 H, ArH) . 3Ip{1H} NMR (CD30D): 5 
8.66 (s). ES MS: m/z 243 ([M-I]+). 
(Methyldiphenylphosphine-P)dimethylarsenic(lll) iodide (2.8) 
Transparent crystals. Recrystallised from hot 
EtOH. Yield (65%); mp> 109 CC (subl.). Anal. Calcd for 
C1sH19AsIP: C, 41.7; H, 4.4. Found: C, 41.5; H, 4.1. lH 
+ MePh2P--.. AsMe2 r-
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NMR (CD30D): 8 1.30 (s, 6 H, AsCH3), 2.47 (d, 21HP = 12.5 Hz, 3 H, PCH3), 
7.57-7.75 (m, 10 H, ArH). 31p{1H} NMR (CD30D): 8 11.22 (s). ES MS: m/z 305 
([M-I]+). 
5 .2.2 Anion metathesis of phosphine-stabilised arsenium iodides 
(Dimethylphenylphosphine-P)dimethylarsenic(Ill) hexafluorophosphate (2.9) 
To a solution of (dimethylphenylphosphine-
P)dimethylarsenic(III) iodide (17.78 g, 0.048 mol) in 
CH2Cl2 (200 mL) was added NaPF6 (20.00 g, 0.119 
mol) in H20 (100 mL). The product was extracted into 
+ -Me2PhP-..AsMei PF6 
CH2CI2, and crystallised from CH2Cl2-Et20. Yield: 16.57 g (89%); mp 104-106 °C. 
Anal. Calcd for C10H17AsF6P2·0.5CH2CI2: C, 29.3; H, 4.2. Found: C, 29.6; H, 4.2. 
lH NMR (CD2CI2): 8 1.35 (d, 3JHP = 16.9 Hz, 6 H, AsCH3), 2.20 (d, IHP = 14.2 Hz, 6 
H, PCH3), 7.59-7.82 (m, 5 H, ArH). 3lp{1H} NMR (CD2CI2): 8 7.10 (s), -143.68 
(sept, PF6). FAB MS: m/z 243 ([M-PF6]+). 
(Methyldiphenylphosphine-P)dimethylarsenic(lll) hexafluorophosphate (2.10) 
To a solution of (methyldiphenylphosphine-
P)dimethylarsenic(III) iodide (4.77 g, 11.0 mmol) in 
CH2CI2 (25 m.L) was added NaPF6 (5.60 g, 33 
mmol) in H20 (50 rnL). The product was extracted 
+ -MePh2P-..AsMei PF6 
into CH2CI2, dried over MgS04 and was crystallised from CH2CI2 - Et20. Yield 4.48 
g (98%); mp 162-163 °C. Anal. Calcd for C1sH19AsF6P2: C, 40.0; H, 4.3. Found: C, 
39.9; H, 4.1. 1H NMR (CD2CI2): 8 1.36 (d, 3JHP = 16.1 Hz, 6 H, AsCH3), 2.43 (d, 
21HP = 12.6 Hz, 3 H, PCH3). 7.60-7.86 (m, 10 H, ArH). 31p{1H} NMR (CD2CI2): 8 
13.07 (s), -143.71 (sept, PF6-). FAB MS: m/z 305 ([M-PF6-J+). 
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5.2.3 Direct synthesis of phosphine-stabilised arsenium 
hexafluorophosphates 
To a solution of the tertiary phosphine and secondary iodoarsine (1 mol eq.) in 
dichloromethane, a ten-fold excess of NaPF6 or NH4PF6 in deoxygenated H20 was 
added. The mixture was stirred for 30 min, the product extracted into the organic phase, 
which was separated, dried over MgS04, evaporated to dryness, and the residue 
crystallised from CH2Cl2-Et20. 
( ±)-(Dimethylphenylphosphine-P)methylphenylarsenic(Ill) hexafluorophosphate 
(2.11) 
Dimethylphenylphosphine (0.84 g, 6.1 mmol), 
iodomethylphenylarsine (2.00 g, 6.8 mmol), N~PF6 
(10.0 g, 60 mmol). Yield: 2.35 g (86%); mp 127-128 
+ -Me2PhP~ AsMePh PF6 
0 C. Anal. Calcd for C1sH19AsF6P2: C, 40.0; H, 4.2. Found: C, 39.9; H, 4.2. lH NMR 
(CD2Cl2): 8 1.62 (d, 31HP = 16.5 Hz, 3 H, AsCH3), 2.03 (d, 2JHP = 13.2 Hz, 3 H, 
PCH3), 2.08 (d, 2JHP = 13.2 Hz, 3 H, PCH3), 7.27-7.74 (m, 10 H, ArH). 31p{1H} 
NMR (CD2Cl2): 8 7.73 (s), -143.74 (sept, PF6-). ES MS: m/z 305 ([M-PF6-]+). 
(±)-(Methyldiphenylphosphine-P)methylphenylarsenic(Ill) hexafluorphosphate 
(2.12) 
Methyldiphenylphosphine (0.88 g, 4.4 
mmol), iodomethylphenylarsine (1.25 g, 4.4 mmol), 
NaPF6 (3.60 g, 20 mmol). Yield: 2.09 g (96%); mp 
+ -MePh2P~ AsMePh PF6 
124-125 °C. Anal. Calcd for C20H21AsF6P2: C, 46.9; H, 4.1. Found: C, 47.0; H, 4.4. 
lH NMR (CD2Cl2): 8 1.66 (d, 3JHP = 16.4 Hz, 3 H, AsCH3), 2.21 (d, 2lttp = 13.1 Hz, 
3 H, PCH3), 7.19-7.82 (m, 15 H, ArH). 31p{1H} NMR (CD2CJi): 8 12.87 (s), -143.72 
(sept, PF6-). FAB MS: m/z 367 ([M-PF6-]+). 
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( ±)-(Triphenylphosphine-P)methylphenylarsenic(lll) hexafluorophosphate (2.14) 
Triphenylphosphine (2.19 g, 8.3 mmol) , 
iodomethylphenylarsine (2.44 g, 8.3 mmol), NaPF6 
(5.20 g, 31 mmol). Yield: 4.02 g (84% ); mp 175 QC. 
Anal. Calcd for C25H23AsF6P2: C, 52.3 ; H, 4.0. 
+ -Ph3P-.. AsMePh PF6 
Found: C, 52.0; H, 4.2. lH NMR (CD2Cl2): 8 1.69 (s, 3 H, AsCH3), 7.05-7.85 (m, 20 
H, ArH). 3lp{1H} NMR (CD2Cl2): 8 19.02 (s), -143.76 (sept, PF6-) . FAB MS: m/z 
429 ([M-PF6-J+). 
(Triphenylphosphine-P)dimethylarsenic(lll) hexafluorophosphate (2.13) 
Triphenylphosphine (2.59 g, 9.8 mmol), 
iododimethylarsine (2.30 g, 9.9 mmol), NaPF6 (6.20 g, 37 
mmol) . Yield: 3.95 g (78% ); mp 173 QC. Anal. Calcd for 
C20H21AsF6P2: C, 46.9; H, 4.1. Found: C, 46.7; H, 4.0. 
+ -Ph3P-..AsMei PF6 
lH NMR (CD2C!i, 300.1 MHz): 8 1.36 (s, 6 H, AsCH3), 7.58-7.87 (m, 15 H, ArH). 
31p{1H} NMR (121.5 MHz): 8 19.91 (s) , -143.75 (sept, PF6-) . FAB MS: m/z 367 
([M-PF6-J+). 
(±)-(Triphenylphosphine-P)methylnaphthylarsenic(Ill) hexafluorophosphate (2.17) 
Triphenylphosphine ( 1.16 g, 4.4 mmol) , 
iodomethylnaphthylarsine (1.52 g, 4.4 mmol), 
NH4PF6 (10.0 g, 60 mmol). Yield: 1.94 g (70%), 
mp 147-148 °C. Anal. Calcd for C29H25AsF6P2: 
+ -Ph3P-.. AsMeNaph PF6 
C, 55.8; H, 4.0. Found: C, 55.5; H, 3.9. 1H NMR (CD2C!i): 8 1.79 (s , 3 H, AsCH3), 
6.89-8.30 (br m, 22 H, ArH). 31p{1H} NMR (CD2Cl2): 8 18.22 (s), -143.72 (sept, 
PF6-). ES MS: m/z 479 ([M-PF6-J+). 
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5 .2.4 Chiral phosphine-stabilised arsenium hexafluorophosphates 
( ±)-(Benzylmethylphenylphosphine-P)dimethylarsenic(Ill) hexafluorophosphate 
(2.15) 
Iododimethylarsine (1.93 g, 8.3 mmol) in 
CH2Cl2 ( 5 rnL) was added dropwise to a solution 
of (±)-benzylmethylphenylphosphine (1.48 g, 6.9 
mmol) in CH2Cl2 (20 mL). A colourless solid 
precipitated. NH4PF6 (6.67 g, 0.04 mol) in H20 
+ -BnMePhP ~ AsMe2 PF6 
(20 mL) was added. The mixture was stirred for 30 min. The product was extracted into 
CH2Cl2 and the extract was dried over MgS04. The solvent was removed and the 
crude product was recrystallised from CH2Cl2-Et20. Yield: 2.77 g (86 %); mp 
100-108 °C. Anal. Calcd for C16H21AsF6P2: C, 41.4; H, 4.6. Found C, 41.6; H, 4.8. 
1H NMR (CD2Cl2): 8 1.23 (s, 6 H, AsCH3), 2.08 (d, 3JHP = · 12.7 Hz, 3 H, PCH3), 
3.81-3.87 (m, 2 H, PhCH2), 7.10-7.79 (m, 10 H, ArH). 31p{1H} NMR (CD2Cl2): 8 
14.16 (s), -143.6 (sept, PF6-). FAB MS: m/z 319 ([M-PF6-J+). 
(R\,,R* As)/(R* p,S* As)-( ±)-(Benzylmethylphenylphosphine-
P)methylphenylarsenic(Ill) hexafluorophosphate (2.16) 
(±)-Benzylmethylphenylphosphine (1.00 g, 
4.7 mmol) in CH2Cl2 (10 mL) was slowly added to 
a solution of iodomethylphenylarsine (1.24 g, 4.2 + -BnMePhP ~ AsMePh PF6 
mmol) in CH2Cl2 (10 mL). Sodium 
hexafluorophosphate ( 4.20 g, 0.025 mol) in H20 
( 40 mL) was added and the solution was stirred for 30 min. The product was extracted 
into CH2Cl2, and the extract was dried over MgS04. Following solvent removal, the 
crude product was crystallised from CH2Cl2-Et20. Yield: 2.12 g (95 %); mp 128-130 
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0 C. Anal. Calcd for C21H23AsF6P2: C, 47.9; H, 4.4. Found C, 48.1; H, 4.7. lH NMR 
(CD2Cb): 8 1.57 (s, 3 H, AsCH3), 1.83 (d, 2JHP = 12.0 Hz, 3 H, PCH3), 3.73-3.89 (br 
m, 2 H, CH2Ph), 7.05-7.76 (m, 15 H, ArH). 31p{1H} NMR (CD2Cl2): 8 13.1 (s), 14.1 
(s), -143.5 (sept, PF6-). FAB MS: m/z 381 ([M-PF6-J+). 
5.2.5 Bidentate phosphine-stabilised arsenium salts 
[1,2-Phenylenebis( dimethylphosphine-P)Jdimethylarsenic(Ill) iodide (2.18) 
A solution of iododimethylarsine (0.57 g, 2.5 
mmol) in benzene (10 mL) was added to a solution of 
1,2-phenylenebis(dimethylphosphine) (0.44 g, 2.2 
mmol) in benzene (lOmL). The precipitate was 
recovered and recrystallised from CH3 CN-Et20, 
giving air-stable transparent needles. Yield: 0.90 g 
(94% ); mp > 155 °C (subl.). Anal. Calcd for 
M~ .,.,Me 
CCp~+ AsMe2 R I~ 
Me Me 
r 
C12H22AsIP2: C, 33.5; H, 5.2. Found: C, 33.2; H, 5.1. lH NMR (CD2Cb): 8 1.72 (s, 
6 H, AsCH3), 1.85 (d, 21HP = 1.77 Hz, 6 H, As-PCH3), 1.85 (d, 2JHP = 1.83 Hz, 6 H, 
PCH3), 7.60-7.80 (m, 4 H, ArH). 31p{ lH} NMR (CD2Cl2): 8 -29.79 (s). ES MS: m/z 
303 ([M-I]+). 
(R*,S*)-(±)-[1,2-Phenylenebis(methylphenylphosphine-P)Jdimethylarsenic(lll) 
hexafluorophosphate (2.19) 
To a solution of (R*,R*)-(±)-1,2-
phenylenebis(methylphenylphosphine) (2.72 g, 
87.4 mmol) and iododimethylarsine (1.96 g, 8.4 
mmol) in CH2Cl2 (30 mL), NaPF6 (4.50 g, 0.03 
mol) in H20 (40 mL) was added. The mixture 
Ph ,Me 
-, ·'R 
CCp~+ AsMe2 PF6-P. s 
Mf ~Ph 
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was stirred for 30 min and the product was extracted into the organic phase. 
Crystallisation was achieved from CH2Cl2-Et20. Yield: 4.13 g (87%); mp 139-143 CC. 
Anal. Calcd for C22H26AsF6P3: C, 46.2; H, 4.6. Found: C, 46.0; H, 4.6. 1H NMR 
(CD2Cl2): 8 1.43 (s, 6 H, AsCH3), 1.92 (br s, 6 H, PCH3), 7.25-7.55 (m, 10 H, ArH), 
7.71-7.81 (m, 4 H, ArH). 3lp{1H} NMR (CD2Ch, 185 K): 8 11.29 (s, P-As) , -33.51 
(s, P), -144.30 (sept, PF6-). FAB MS: m/z 427 ([M-PF6-J+). 
(R* p,R* As) l(R* p,S* As) -( ±)-[1,2-Phenylenebis(methylphenylphosphine-
P)Jmethylphenylarsenic(Ill) hexafluorophosphate (2.20) 
Iodomethylphenylarsine (1.54g, 5.3 
mmol) in benzene (10 mL) was slowly added to 
a stirred solution of (R *,R*)-(±)-1,2-
pheny lenebis(methy 1 pheny 1 phosphine) in 
benzene (20 mL) at O CC. The solvent was 
removed in vacuo and replaced with CH2Cl2 
Ph }"le 
C(-\J{R ~ + R,S AsMePh pS pp6-
Mf -~Ph 
(30 mL) and H20 (50 mL) containing NaPF6 
(3.0 g, 0.02 mol). The mixture was stirred for 30 min. The product was recovered from 
the organic layer and recrystallised from CH2Cl2-Et20. Yield: 1.79 g (54% ); mp 
132-134 CC. Anal. Calcd for C27H2sAsF6P3: C, 51.1; H, 4.5. Found: C, 50.9; H, 4.6. 
1H NMR (CD2Cl2, 308 K): 8 1.75 (s, 3 H, AsCH3), 1.90 (br s, 6 H, PCH3). 7.22-7.52 
(m, 10 H, ArH), 7.76-7.81 (m, 4 H, ArH). 31p{1H} NMR (273 K): 8-1.31 (s, P-As), 
-34.85 (s, P), -144.03 (sept, PF6-)- FAB MS: m/z 489 ([M-PF6-J+). 
[1,2-Ethylenebis( dimethylphosphine-P)Jbisdimethylarsenic(lll) iodide (2.21) 
Iododimethylarsine (0.94g, 4.10 mmol) was 
added to 1,2-bis(dimethylphosphino)ethane (0.31 g, 
2.05 mmol) in benzene (30 mL). The solution was 
stirred for 2 h and the precipitate was filtered off. 
+ 
Me,,_ /Me A~M~ 
·f-\ T 2r 
+l \_~ 
Me2As M£ ~Me 
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Yield: 1.18g (95%); mp> 123 °C (subl.). Anal. Calcd for C10H23As2IiP2: C, 19.6; H, 
4.6. Found: C, 19.5; H, 4.5. 1H NMR (D20): 8 1.48 (s, 12 H, AsCH3), 1.93-2.03 (m, 
12 H, PCH3), 2.64 (d, 21HP = 4.7 Hz, 4 H, CH2). 31p{1H} NMR (D20): 8 13.56 (s) . 
FAB MS: m/z 255 ([M-{2I+AsM~} l+). 
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5.3 Experimental Section: Chapter 3 
5.3.1 Synthesis of (+)-[(2-methoxymethylphenyl)-
diphenylphosphine-P]methylphenylarsenic(III) 
hexafluorophosphate 
1-Bromo-2-bromomethylbenzene 13·14 
The preparation of this compound is based upon the 
literature methods. Liquid bromine (18.2 mL, 0.35 mol) was added 
dropwise to 2-bromotoluene (50.0 mL, 0.42 mol) at 135 °C. The 
solution was then stirred at this temperature for a further 2 h. The 
resulting dark orange liquid was distilled; bp 138-144 °C (16 
mmHg). Yield: 58.5 g (66%). lH NMR (CDCl3): 8 4.60 (s, 2 H, 
CH2Br), 7.13-7.58 (m, 4 H, ArH). 
1-Bromo-2-methoxymethylbenzene (3.4) 
1-Bromo-2-bromomethylbenzene (53.0 g, 0.212 mol) was 
added to a solution of sodium methoxide (5.6 g Na in 125 mL 
MeOH) at O °C. The resulting solution was heated under reflux for 
30 min and the NaBr was removed by filtration. To the filtrate, 
H20 ( 100 mL) was added and the methanol was removed under 
reduced pressure. The product was extracted into Et20 and the 
iB~ vBr 
io~e VBr 
extract was dried over MgS04. After removal of the solvent, the colourless oil was 
distilled; bp 102-108 °C (16 mmHg). Yield: 33.5 g (79%). lH NMR (CDCb): 8 3.46 
(s, 3 H, OCH3), 4.52 (s, 2 H, CH2), 7.10-7.54 (m, 4 H, ArH). EI MS : m/z 201 ([Ml+), 
121 ([M-BrJ-+). 
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(2-Methoxymethylphenyl)diphenylphosphine (3.5) 
To a Grignard solution prepared from Mg (1.00 g, 
0.04 mol) and l-bromo-2-methoxymethylbenzene (7 .86 g, 
0.04 mol) in THF (10 mL) at O °C, was slowly added 
chlorodiphenylphosphine (8.39 g, 0.04 mol) in THF (10 mL). 
Following addition, the solution was heated under reflux for 
20 min. The THF was removed in vacuo; Et20 (50 mL) and 
116 
cc(JMe 
PPh2 
ammonium chloride in water (100 rnL) were added. The product was extracted into 
Et20 and the extract dried over MgS04. Following solvent removal, the residual 
yellow powder was recrystallised from hot MeOH affording pale yellow prisms of the 
pure product. Yield: 8.68 g (75%); mp 93-94 °C. Anal. Calcd for C20H190P: C, 78.4; 
H 6.3. Found: C, 78.2; H 6.1. lH NMR (CD2Cl2): 8 3.24 (s, 3 H, OCH3), 4.61 (s, 2 H, 
CH2), 6.88-7.51 (m, 14 H, ArH). 31p{1H} NMR (CD2Ch): 8-15.58 (s). EI MS: m/z 
306 ([M]-+), 291 ([M-CH3] ·+). 
(±)-[(2-Methoxymethylphenyl)diphenylphosphine-0,P]methylphenylarsenic(lll) 
hexafluorophosphate (3. 6) 
To a solution of iodomethylphenylarsine (1.74 
g, 5.29 mmol) and (2-methoxymethylphenyl)-
diphenylphosphine (1.81 g, 5.90 mmol) in CH2Cl2 
(20 mL), was added NaPF6 (2.0 g, 0.01 mol) in water 
(20 rnL). The mixture was stirred for 15 min. The 
product was extracted into CH2Cl2 and the extract 
~
CfMe _ 
: PF6 
t+ 
Ph2P~ f s-Ph 
Me 
was dried over MgS04. Recrystallisation of the crude product from CH2Ch-Et20 gave 
colourless needles. Yield: 1.47 g (40%); mp 146-147 °C. Anal. Calcd for 
C27H27AsF60P2: C, 52.4; H 4.4. Found: C, 52.6; H 4.5. lH NMR (CD2Cl2): 8 1.60 
(d, 31Hp= 13.1 Hz, 3 H, AsCH3), 2.92 (s, 3 H, OCH3), 4.18 (m, 2 H, CH2) , 7.09-7.82 
(m, 19 H, ArH). 3Ip{1H} NMR (CD2Cl2): 8 20.92 (s), -143.84 (sept. PF6-). FAE MS: 
mlz 473 ([M-PF6-J+). 
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5.3.2 Synthesis of (R* p,R* As)/(R* p,S* As)-(+)-[2-
methoxymethylphenyl)methylphenylphosphine-
P] meth y lphen y !arsenic (III) hexafluorophosphate 
(±)-(2-Methoxymethylphenyl)methylphenylphosphine (3.8) 
Sodium metal (2.25 g, 0.098 mol) was added to a 
solution of (±)-methylphenylphosphine (10.62 g, 0.086 mol) in 
THF (100 mL) and the solution was stirred for 20 h. The 
orange solution was decanted off the excess sodium into a 
separating funnel. The solution of the phosphide was added to 
1-bromo-2-methoxymethylbenzene (14.00 g, 0.070 mol) in 
THF (50 mL) at -78 °C. Following addition, the solution was 
iO~e l) PMePh 
allowed to return to room temperature, where it was stirred for 1.5 h. Deoxygenated 
water (5 mL) was added to the reaction mixture to destroy excess phosphide and the 
THF was removed in vacuo. Diethylether (50 mL) and H20 (50 mL) were added, and 
the product was extracted into the ether (3 x 50 mL). The combined extracts were dried 
over MgS04, the solvent was removed in vacuo and the residue distilled. The pure 
product was obtained as a colourless oil; bp 152 °C (1.0 mm.Hg). Yield: 11.70 g (69% ). 
Anal. Calcd for C15H170P: C, 73.8; H, 7.0. Found: C, 73.8; H, 6.8. lH NMR (CDCl3): 
8 1.58 (d, 2IHP = 4.1 Hz, 3 H, PCH3), 3.34 (s, 3 H, OCH3), 4.50 (d, 2fHH = 11.8 Hz, 1 
H, CHH ), 4.79 (d, 21HH = 11.9 Hz, 41HP = 2.5 Hz, 1 H, CHH), 7.27-7.47 (m, 9 H, 
ArH). 31p {1H} NMR (CDCl3): 8 -37.95 (s). EI MS: m/z 244 ([M]"+), 229 
([M-CH3] ·+). 
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(R* p,R* As)/(R* p,S\s)-( ±)-[(2-Methoxymethylphenyl)methylphenylphosphine-
0,P]methylphenylarsenic(III) hexafluorophosphate (3.9) 
118 
A solution of NH4PF6 (3.28 g, 0.02 mol) in 
H20 (25 mL) was added to a solution of 2-
methoxymethylphenylphosphine (0.59 g, 2.4 mmol) 
and iodomethylphenylarsine (0.99 g, 3.3 mmol) in 
CH2Cl2 (20 mL). The mixture was stirred for 15 min. ~
(fMe 
: PF6-
t+ 
The organic phase was dried over MgS04, the solvent 
removed and the residue recrystallised from 
Me-{fs-Ph 
Ph Me 
CH2Cl2-Et20 to give the pure product. Yield: 0.79 g (59 %); mp 124-126 °C. Anal. 
Calcd for C22H25AsF60P2: C , 47.5; H , 4.5. Found: C , 47.4; H , 4 .6. Major 
diastereomer: 1 H NMR (CD2CJi): 8 1.69 (d, 3JHP = 15.8 Hz, 3 H, AsCH3 ), 2.17 (d, 
21HP = 12.5 Hz, 3 H, PCH3) , 2.95 (s , 3 H, OCH3), 3.89 (d, 21HH = 12.1 Hz, 1 H, 
ArCH2), 4.22 (d, 2fHH = 12.1 Hz, 1 H, ArCH2), 7.19-7.86 (m, 14 H , ArH). 3lp{1H} 
NMR (CD2Cl2): 8 16.54 (s), -143.7 (sept, PF6-) . Minor diastereomer: I H NMR 
(CD2Cl2): 8 1.48 (d, 3fHP = 17.1 Hz, 3 H , AsCH3) , 1.74 (d, 2JHP = 12.5 Hz, 3 H, 
PCH3), 2.91 (s, 3 H, OCH3), 4.05 (pseudo q, 2fHH =11.5 Hz, 2 H, ArCH2), 7.19-7 .86 
(m, 14 H, ArH). 3lp{ lH} NMR (CD2CJi): 15.75 (s), -143.7 (sept, PF6-). 
FAB MS: m/z 411 ([M-PF6-]+). 
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5.3.3 Resolution of (+)-(2-methoxymethylphenyl)-
methylphenylphosphine 
( + )589-Chloro[l-[1-( dimethylamino )ethyl]naphthalenyl-C,NJ[(2-
methoxymethylphenyl)methylphenylphosphine ]palladium(II) (3.10) 
(±)-(2-Methoxymethylphenyl)-
methylphenylphosphine (4.66 g, 0.019 
mol) in CH2Cl2 (25 rnL) was added to a 
solution of di-µ-chlorobis[(S)-1-[1-
dimethylamino )ethyl]-2-naphthalenyl-
C2,N]-dipalladium(II) (6.49 g, 9.55 
mmol) in CH2Cl2 (175 mL). The 
solution was stirred at room temperature 
for 3 h and the solvent was removed in 
Me2 
N ~ /Cl 
Pd o 
I y '-/~§,'Me'-:: Me 
~I V h 
vacuo. [31 P { I H} NMR (CDCl3) spectroscopy of the residue indicated equimolar 
quantities of two diastereomers having bp 14.55 (s) and 19.26 (s)]. The solvent was 
removed. Fractional crystallisation of the mixture from acetone gave 2.22 g, ( 40%) of 
the less soluble diastereomer having mp 201-204 °C. [a]2_1D = +142.4 (c 1.0, CH2Cl2). 
Anal. Calcd for C29H33ClNOPPd: C, 59.6; H, 5.7; N, 2.4. Found: C, 59.6; H, 5.7; N, 
2.3. lH NMR (CDCl3): 8 2.00 (d, 3JHH = 6.4 Hz, 3 H, CHCH3), 2.28 (d, 21HP = 10.3 
Hz, 3 H, PCH3), 2.75 (s, 3 H, NCH3), 2.96 (s, 3 H, NCH3), 3.29 (s, 3 H, OCH3), 4.34 
(m, 1 H, CHCH3), 4.56 (d, 21HH = 4.6 Hz, 1 H, CHH), 5.44 (d, 21HH = 12.2 Hz, 41HP = 
2.1 Hz, 1 H, CHH), 6.54-8.14 (m, 15 H, ArH). 31p{1H} NMR (CDCl3): b 19.27 (s). 
EI MS: m/z 585 ([M] ·+). 
( + )58g-(2-Methoxymethylphenyl)methylphenylphosphine (3.8) 
1,2-Ethylenediamine (3 mL, 8.8 mol eq.) was added to a solution of (+)-
chloro[l-[1-(dimethylamino)ethyl]-naphthalenyl-C,N][(2-methoxymethylphenyl)-
methylphenylphosphine]palladium(II) in CH2Ch (20 rnL). A colourless solid separated 
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from the solvent as the amine was added. The solvent was 
removed and Et20 (20 mL) and H20 (20 mL) were added to 
the residue. The aqueous phase was washed with Et20 ( 100 
mL) and the combined organic fractions were washed with 
H20. The organic fraction was dried over MgS04 and the 
solvent removed in vacuo. The product was dissolved in n-
hexane and passed down a short silica column to give the 
product as a colourless oil. Yield: 1.04g (84% ). [a]21 D = 
120 
¥e 
l t'Me V Ph 
+26.3 (c 1.0, CH2Ch). 1 H NMR (CD2Cl2): 8 1.59 (d, 2lttp = 4.2 Hz, 3 H, PCH3), 3.34 
(s, 3 H, OCH3), 4.50 (d, 2JHH = 11.8 Hz, 1 H, CHH ), 4.79 (d, 2lttH = 11.9 Hz, 4lttp = 
2.5 Hz, 1 H, CHH), 7.27-7.47 (m, 9 H, ArH). 31p{1H} NMR (CD2Cl2): 8-38.41 (s). 
5.3.4 Synthesis of (R* p,R* As)/(R* p,S* As)-(+)-[(2-
methoxyphen y 1 )meth y lphen y 1 phosphine-
P] meth y lphen y larsenic(III) hexafluorophosphate. 
( ±)-(2-Methoxyphenyl)methylphenylphosphine (3.13) 
Sodium metal (1.80 g, 0.078 mol) was added to a 
solution of methylphenylphosphine (8.55 g, 0.069 mol) in THF 
(100 mL) and the mixture was stirred for 20 h. The phosphide 
solution was separated from the excess sodium by decantation 
into a dropping funnel. The mixture was added dropwise to a 
r: lJ PMePh 
solution of 1-bromo-2-methoxybenzene in THF (50 mL) at -78 °C. Following addition, 
the reaction mixture was stirred for 1.5 h at room temperature and was quenched with 
H20 (50 mL). The organic phase was separated from the aqueous layer and was dried 
over MgS04. The solvent was removed and the liquid distilled; bp 110-112 °C (0.15 
mmHg). [Lit. 122-123 °C (0.3 mmHg)]. 15 lH NMR (CDCl3): 8 1.60 (d, 2JHP = 3.4 Hz, 
3 H, PCH3), 3.77 (s, 3 H, OCH3), 6.82-7.49 (multiplets, 9 H, ArH). 3lp{1H} NMR 
(CDC!J): 8 -35.6 (s). 
Chapter 5 121 
(R* p,R* As)/(R* p,S* As)-( ±)-[(2-Methoxyphenyl)methylphenylphosphine-
P]methylphenylarsenic(lll) hexafluorophosphate· (3.12) 
Ammonium hexafluorophosphate (7 .50 g, 0.046 
mol) in deoxygenated H20 (15 rnL) was added to a 
solution of (±)-(2-methoxyphenyl)methylphenyl-
phosphine (0. 85 g, 3 .67 mmol) and 
iodomethylphenylarsine (1.29 g, 4.41 mmol) in CH2Cl2 
(15 rnL). The mixture was stirred for 15 min and the 
product was extracted into CH2Cl2, the organic phase 
0-Me _ CC PF6 ~A~ 
/ \ \ Ph Pli Me Me 
was separated and dried over MgS04. The pure compound crystallised from 
CH2Cl2-Et20. Yield: 1.64 g (83%); mp 130-132 °C. Anal. Calcd for 
C21H23AsF60P2: C, 46.5; H, 4.3. Found: C, 46.5; H, 4.2. Major diastereomer: lH 
NMR (CD2Cl2): 8 1.61 (d, 3JHp= 16.5Hz, 3 H, AsCH3) , 2.10 (d, 2JHr= 13.1 Hz, 3 H, 
PCH3), 3.81 (s, 3 H, OCH3), 7.10-7.83 (m, 14 H, ArH). 3lp{lH} NMR (CD2Ch): 8 
8.77 (s), -143.8 (sept, PF6-). Minor diastereomer: lH NMR (CD2Cl2): 8 1.67(d, 
31HP = 16.5 Hz, 3 H, AsCH3), 2.10 (d, 2JHP = 13.2 Hz, 3 H, PCH3) , 3.87 (s, 3 H, 
OCH3), 7.10-7.83 (m, 14 H, ArH). 3lp{lH} NMR (CD2Ch): 8 8.74 (s), -143.8 (sept, 
PF6-). FAB MS: mlz 397 ([M-PF6-J+), 523 ([M-F]+). 
5.3.5 (R* c,R* As)/(R* c,S* As)-(+)-{ [2-(1-Methoxyethyl)phenyl-
O,P]diphenylphosphine} methylphenylarsenic(III) 
hexafluorophosphate 
( ±)-1-(2-Bromophenyl)ethanol16 
2-Bromobenzaldehyde (17.50 g, 0.095 mol) in Et20 
(50 rnL) was added dropwise to a Grignard reagent prepared 
from Mg (2.53g, 0.104 mol) and iodomethane (14.80g, 0.104 
mol) in Et20 (100 mL) at O 0 C. The reaction mixture was 
then heated under reflux for 30 D).in, cooled and hydrolysed 
M&H ~ Br 
'~ 
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with an aqueous NH4Cl solution ( 100 mL, 30% ). The organic layer was separated and 
dried over MgS04. Removal of solvent gave a pale yellow oil that was distilled; bp 79 
~C (0.4 mmHg). Yield: 17.37 g (91 %). lH NMR (CDCl3): 8 1.45 (d, 3JHH = 6.3 Hz, 3 
H, CH3), 2.47 (s, 1 H, OH), 5.20 (q, 3JHH = 6.3 Hz, 1 H, CH), 7.71-7.57 (m, 4 H, ArH). 
EI MS: mlz 201 ([M]·+), 186 ([M-CH3t). 
( ±)-1-Bromo-2-(1-methoxyethyl)benzene (3.14) 
Iodomethane (16.44 g, 0.12 mol) followed by (±)-1-(2-
bromophenyl)ethanol (7 .76 g, 0.04 mol) was added to a stirred 
suspension of sodium hydride (1.40 g, 0.05 mol) in THF at O 0 C. 
The reaction mixture was allowed to warm to room temperature 
and was stirred for 24 h. The reaction mixture was cooled again 
to O °C and quenched with a saturated aqueous solution of 
sodium thiosulfate (10 mL). The product was extracted into 
M&Me 
~ Br 
'~ 
Et20 and the extract was dried over MgS04. Distillation gave the product gave a pale 
orange liquid; bp 48-52 °C (0.4 mmHg). Yield: 7 .14 g (86% ). Anal. Calcd for 
C9H11BrO: C, 50.3; H, 5.2. Found: C, 50.2; H, 5.0. lH NMR (CDCl3): 8 1.41 (d, 3JHH 
= 6.5 Hz, 3 H, CH3), 3.25 (s, 3 H, OCH3), 4.71 (q, 3JHH = 6.4 Hz, 1 H, CH), 7.09-7.53 
(m, 4 H, ArH). EI MS: m/z 215 ([M]+), 200 ([M-CH3]+). 
(±)-[2-(1-Methoxyethyl)phenyl]diphenylphosphine (3.15) 
Chlorodiphenylphosphine (5.57 g, 0.025 mol) in 
THF ( 10 mL) was added dropwise to a Grignard reagent 
prepared from Mg (0.60 g, 0.025 mol) and 1-bromo-2-(1-
methoxyethyl)benzene (5.30 g, 0.025 mol) in THF (20 mL). 
After the addition was complete, the mixture was heated 
under reflux for 30 min. The solvent was removed and 
Me CC Me (J PPh2 
Et20 (50 mL) followed by an aqueous solution of N~Cl (100 mL) were added. The 
product was extracted into Et20 and the extract was dried over MgS04 and evaporated. 
Crystallisation of the residue from hot MeOH gave the pure product. Yield: 4.56 g 
Chapter 5 123 
(58%), mp 57-58 °C. Anal. Calcd for C21H210P: C, 78.7; H, 6.6. Found: C, 79.0; H, 
6.7. lH NMR (CD2Cli): 8 1.23 (d, 3JHH = 6.5 Hz, 3 H, CH3), 3.03 (s, 3 H, OCH3), 
5.11 (p, 6.5 Hz, 1 H, CH), 6.87-7.55 (m, 14 H, ArH). EI MS: m/z 320 ([M·+), 305 
([M-CH3]+). 
(R* c,R*As)/(R* p,S* As)·( ±)-{[2-(1-Methoxyethyl)phenyl]diphenylphosphine-
O,P}methylphenylarsenic(Ill) hexafluorophosphate (3.16) 
(±)-[2-( 1-Methoxyethyl)phenyl]diphenyl-
phosphine (1.86 g, 5.8 mmol) in CH2Cl2, (25 mL) 
was added to a solution of iodomethylphenylarsine 
(1.70 g, 5.8 mmol), followed by a solution of 
NaPF6 (3.0 g) in H20 (25 rnL). The mixture was 
stirred for 45 min. The product was extracted into 
CH2Cl2 and the extract was dried over MgS04. 
Me 
rv?~Ph 
"=( t+ 
Ph2~f-s-Ph PF6-
Me 
Removal of the solvent in vacuo gave a pale yellow oil, which crystallised from 
CH2Cl2-Et20. Yield: 1.19 g (33%); mp 146 °C. Anal. Calcd for C2sH29AsF60P2: C, 
53.2; H, 4.6. Found: C, 53.6; H, 4.7. Major diastereomer: lH NMR (CD2Cli): 8 0.71 
(s, 3 H, CH3), 1.56 (s, 3H, AsCH3), 2.86 (s, 3 H, OCH3), 4.32 (q, 3JHH = 6.1 Hz, 1 H, 
CH), 6.97-7.91 (m, 19 H, ArH). 31p{1H} NMR (CD2Cl2): 8 19.1 (s), -143.8 (sept, 
PF6-), Minor diastereomer: 1 H NMR (CD2Cl2): 8 1.00 (s, 3 H, CH3), 1.56 (s, 3 H, 
AsCH3), 2.62 (s, 3 H, OCH3), 4.32 (q, 3fHH = 6.1 Hz, 1 H, CH), 6.97-7.91 (m, 19 H, 
ArH). 31p{1H} NMR (CD2Cli): 8 19.1 (s), -143.8 (sept, PF6-) . FAB MS: m/z 487 
([M-PF6-J+). 
Chapter 5 124 
5.3.6 [S-(R*,R*)]l[R-(R*,S*)]-(-)589-{ [2-(1-
methoxyethyl)phenyl]diphenylphosphine }-
methylphenylarsenium hexafluorophosphate 
(S )-(-) 589-1-Bromo-2-(1-methoxyethyl)benzene (3.19) 
Iodomethane (5.20 g, 0.0242 mol), followed by (S)-(-)-1-
(2-bromophenyl)ethanol (3.63 g, 0.013 mol), were added to a 
stirred suspension of sodium hydride (0.58 g, 0.024 mol) in THF 
(20 rnL) at O QC. Following addition, the reaction mixture was 
allowed to warm to room temperature where it was stirred for 20 h. 
The reaction mixture was again cooled to O QC and quenched with 
Me 
~:er 
an aqueous solution of sodium thiosulfate (10 rnL) and H20 (20 rnL). The product was 
extracted into Et20 and the extract was dried over MgS04. Removal of the solvent and 
distillation afforded a colourless liquid; bp 48 QC (0.5 mm.Hg). Yield: 2.30 g (82% ). 
[a]2ID = -104.8 (c 1.0, CH2Cl2). Anal. Calcd for C9H11BrO: C, 50.3; H, 5.2. Found: 
C, 50.7; H, 5.2. 1H NMR (CDCl3): 8 1.40 (d, 3JHH = 6.5 Hz, 3 H, CHCH3), 3.26 (s, 3 
H, OCH3), 4.71 (q, 3JHH = 6.4 Hz, 1 H, CHCH3), 7.10-7.53 (m, 4 H, ArH). EI MS: 
m/z 214 ([Mr+), 201 ([M-CH3r+). 
(S)-(-) 589-[2-( 1-Methoxyethyl)phenyl]diphenylphosphine (3.20) 
Chlorodiphenylphosphine (2.45g, 0.01 mol) in THF (15 
rnL) was added to a solution of a Grignard reagent prepared 
from Mg (0.25 g, 0.01 mol) and (S)-(-)-1-bromo-2-(l-
methoxyethyl)-benzene (2.17 g, 0.01 mol) in THF (15 rnL) at 0 
QC. The reaction mixture was heated to reflux for 45 min. The 
solvent was removed in vacuo and Et20 (25 rnL) added to the 
residue. Aqueous Nli4Cl was added and the product was 
Me f:ePh2 
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extracted into the organic phase. The extracts were dried over MgS04. Removal of the 
solvent afforded a colourless powder. Recrystallisation of this material from hot MeOH 
furnished the pure product. Yield: 2.49 g (78%); mp 95-97 °C. [a]21D = -125.3 (c 1.0, 
CH2Ch). Anal. Calcd for C21H210P: C, 78.7; H, 6.6. Found: C, 78.7; H, 6.6. lH 
NMR (CDCl3): 8 1.27 (d, 3JHH = 6.5 Hz, 3 H, CHCH3), 3.07 (s, 3 H, OCH3), 5.14 (p, 
3fHH and 4fHP = 6.4 Hz, 1 H, CHCH3), 6.87-7.57 (m, 14 H, ArH). EI MS: m/z 320 
([M] ·+), 305 ([M-CH3] ·+). 
[S-(R*,R*)J/[R-(R*,S*)J-(-)589-{[2-(1-methoxyethyl)phenyl]diphenylphosphine-
O,P}methylphenylarsenic(Ill) hexafluorophosphate (S0 S As)l(SoRAs)-(-)-(3.17) 
(S)-(-)-[2-(1-methoxyethyl)phenyl]-
diphenylphosphine (1.88 g, 5.87 mmol) was added 
to a solution of iodomethylphenylarsine (1.73 g, 
5.87 mmol) in CH2Cl2 (20 mL), followed by 
N~PF6 (5.43 g, 0.033 mol) in H20 (20 mL). The 
mixture was stirred for 15 min, after which time the 
product was extracted into CH2Cl2 and the extract 
~
Me fMe 
t+ 
Ph2P~fs-Ph PF6-
Me 
dried over MgS04. The dried solution was filtered, the solvent was removed and the 
crude product was crystallised from CH2Ch-Et20. Yield: 1.14 g (31 % ); mp 135 °C. 
[a]21n = -37.0 (c 1.0, CH2Ch). Anal. Calcd for C23H29AsF60P2: C, 53.2; H, 4.6. 
Found: C, 53.4; H, 4.8. Major diastereomer: lH NMR (CD2Cl2): 8 0.69 (br s, 3 H, 
CHCH3), 1.55 (br s, 3 H, AsCH3), 2.87 (br s, 3 H, OCH3), 4.33 (br m, 1 H, CHCH3) , 
6.96-7.90 (br m, 19 H, ArH). 31p{1H} NMR (CD2C!i): 8 19.12 (s), -143.84 (sept, 
PF6-)- Minor diastereomer: l H NMR (CD2Cl2): 8 0.99 (br s, 3 H, CHCH3), 1.55 (br 
s, 3 H, AsCH3), 2.61 (br s, 3 H, OCH3), 4.33 (br m, 1 H, CHCH3), 6.96-7.90 (br m, 19 
H, ArH). 3Ip{1H} NMR (CD2Cl2): 8 20.36 (s), -143.84 (sept, PF6-)- FAB MS: m/z 
487 ([M-PF6]+), 305 ([M-{ PF6+AsMePh+Me} ]+). 
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5.3.7 Resolution of (+)-(n-butyl)methylphenylarsine 
( ±)-( n-Butyl)methylphenylarsine 
n-Butyllithium (21.0 mL, 31.5 mmol) was slowly 
added to a vigorously stirred solution of 
chloromethylphenylarsine (6.31 g, 31.5 mmol) in THF (50 
mL) at O 0 C. Following addition, the solution was stirred for 
10 min and the solvent was removed under reduced pressure. 
Et20 (50 mL) was added and unreacted n-BuLi was 
.,. 
MefS.....Cn-Bu) 
Ph 
quenched with H20 (50 mL). The aqueous phase was extracted with Et20 ( 4 x 20 mL) 
and the organic extracts combined and dried over MgS04. The dried solution was 
filtered and the product was purified by distillation; bp 55-62 °C (0.8 mmHg). Yield: 
6.39 g (92%). Anal. Calcd for C11H17As: C, 58.9; H 7.6. Found: C, 59.0; H 7.5. lH 
NMR (CDCl3): 8 0.87 (t, 3fHH = 7.1 Hz, 3 H, CH3), 1.18 (s, 3 H, AsCH3), 1.31-1.48 
(m, 4 H, CH2CH2CH3), 1.58-1.75 (m, 2 H, AsCH2), 7.25-7.50 (m, 5 H, ArH). 13C 
NMR (CDCl3): 8.38 (s, CH3), 13.76 (s, CH3), 24.75 (s, CH2), 28.71 (s, CH2), 127.91, 
128.28, 131.98, 141.81 (ArC). EI MS: mlz 224 ([Ml+), 167 ([M-(n-Bu)]·+). 
[R-[R*,S*J-( +) 589-Chloro[l-[1-( dimethylamino )ethyl]naphthalenyl-C,NJ[(n-
butyl)methylphenylarsine ]palladium(Il) (Sc,RAs)·( ±)-(3.21) 
Two equivalents of (±)-(n-
butyl)methylphenylarsine (0.31 g, 1.40 
mmol) in CH2Cl2 (20 mL) were added to 
di-µ-chlorobis[(S)-1-[l-dimethylamino )-
ethyl]-2-naphthalenyl-e2,N]-dipalladium 
(II) (0.47 g, 7.0 mmol) in CH2Cl2 (20 mL). 
The solution was stirred for 30 min. The 
sol vent was removed under reduced 
Me2 
N~ Cl 
p~ 
I :r 
,~Me 
AS·, ~ J '(n-Bu) 
Ph 
pressure to leave a yellow glassy solid that was crystallised from wet acetone. After the 
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third recrystallisation, the configurationally pure (S e,RAs) diastereomer was isolated; 
mp 203-205 °C. [a]21o = + 104.8 (c, 1.0. CH2Cl2). Anal. Calcd for C25H33AsClNPd: 
C, 53.2; H, 5.9. Found: C, 53.6; H, 6.0. lH NMR (CDCb): 8 0.74 (t, 3JHH = 7.3 Hz, 3 
H, (CH2)3CH3), 1.22-1.47 (m, 4 H, CH2CH2CH2CH3), 1.83 (s, 3 H, AsCH3), 1.97 (d, 
3JHH = 6.3 Hz, 3 H, CHCH3), 2.13-2.19 (m, 2 H, AsCH2), 2.76 (s, 3 H, NCH3), 2.95 (s, 
3 H, NCH3), 4.31 (q, 3JHH = 4.3 Hz, 1 H, CHCH3), 6.78-7.90 (m, 11 H, ArH). EI MS: 
mlz 564 ([M].+). 
5.3.8 [S-(R*,R*)]l[R-(R*,S*)]-( + )539-{ [2-(1-Methoxyethyl)-
phenyl]dimethylphenylphosphine-0,P}-
methylphenylarsenic(III) hexafluorophosphate 
(S)-[2-(1-Methoxyethyl)phenyl]dimethylphosphine 
Chlorodimethylphosphine (0.34 g, 3.5 mmol) in Et20 
(10 mL) was added to a solution of a Grignard reagent cooled 
to O °C, prepared from Mg (0.08 g, 3.3 mmol) and (S)-(-)-1-
bromo-2-( 1-methoxyethyl)benzene (0.65 g, 3.0 mmol) in 
Et20 (20 mL). Following addition, the solution was warmed 
to room temperature and stirred for 30 min. The reaction 
mixture was cooled to O °C and hydrolysed with an aqueous 
Me ~~~e2 
solution of NH4Cl. The product was extracted into Et20 and the extract was dried over 
MgS04. 31p{1H} NMR (C6D6-Et20): 8-62.6 (s). 
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[S-(R*,R* )J/[R-(R*,s* )]-( + )589-{[2-( l-Methoxyethyl)phenyl]dimethylphosphine-
0,P}methylphenylarsenic(lll) hexafluorophosphate (S oS As)l(S oRAs)-( + )-(3.25) 
7Me 
128 
Iodomethylphenylarsine (0.98 g, 3.3 mmol) 
was added to a solution of (S) - ( - ) - [ 2 - (1-
methoxyethyl)phenyl]dimethylphosphine in CH2Cl2 
(10 rnL) and NH4PF6 (2.38 g, 0.015 mol) in H20 
(10 rnL). The reaction mixture was stirred for 30 
min. The product was extracted into the organic 
layer and the extract was dried over MgS04. 
~
Me 
T+ 
Me2P~ f-s-Ph PF 6 -
Me 
Removal of the solvent left a residue which was recrystallised from CH2Cl2-Et20. 
Yield 0.86 g (56% from (S)-(-)-[1-bromo-2-(1-methoxyethyl)]benzene), mp 130-131 
~C. [a]21o = +64.8 (c 1.0, CH2Cl2). Anal. Calcd for C1sH25AsF60P2: C, 42.5 ; H 5.0. 
Found: C, 42.4; H 5.0. lH NMR (CD2Cl2): 8 1.47-2.09 (8 doublets , 12 H, AsCH3, 
PCH3, CCH3), 3.53 (s, 3 H, OCH3 minor), 3.57 (s, 3 H, OCH3 major), 4.75-4.90 (two 
overlapping q, 3JHH = 6.5 Hz, 1 H, CH), 7.25-7.72 (m, 9 H, ArH). 3lp{1H} NMR 
(CD2Cl2): 8 8.42 (s, minor), 8.96 (s, major), -143.8 (sept PF6-)- FAB MS: m/z 363 
([M-PF6-t). 
5.3.9 (R* c,R* As)l(R* c,S* As)-(+)-{ [2-(methoxyphenylmethyl)-
phenyl]diphenylphosphine-O,P}methylphenylarsenic(III) 
hexafluorophosphate 
( ±)-(2-Bromophenyl)phenylmethanol 
2-Bromobenzaldehyde (8.74 g, 0.047 mol) in Et20 (30 
mL) was added to a solution of a Grignard reagent, prepared from 
bromobenzene (8.22 g, 0.052 mol) and Mg ( 1.40 g, 0.057 mol) in 
Et20 (100 mL) at O 0 C. Following addition, the reaction mixture 
was heated under reflux for 30 min. The reaction mixture was 
hydrolysed with a saturated aqueous solution of NR4Cl (50 rnL). 
P&HBr 
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The product was extracted into Et20 and the extract dried over MgS04. Following 
solvent removal, the crude product was distilled to give a clear viscous oil; bp 124-130 
~C (0.2mmHg). Yield: 9.26 g (75%). Anal. Calcd for C13H11BrO: C, 59.3; H, 4.2. 
Found: C, 59.4; H, 4.2. lH NMR (CDCl3): 8 2.47 (s, 1 H, OH), 6.16 (s, 1 H, CH), 
7.09-7.58 (m, 9 H, ArH), EI MS: m/z 262 ([M]'+), 77 ([Ph]'+). 
( ±)-1-Bromo-2-(methoxyphenylmethyl)benzene (3.23) 
(±)-(2-Bromophenyl)phenylmethanol (5.00 g, 0.019 mol) 
and iodomethane (9 .20 g, 0.029 mol) were added to a suspension 
of sodium hydride (0.69 g, 0.029 mol) in THF (10 rnL) at O °C. 
The reaction mixture was stirred for 5 min at O °C, allowed to 
warm to room temperature and was stirred for 20 h. After this 
time, the reaction mixture was cooled to O °C and was hydrolysed 
with a saturated solution of sodium thiosulfate. The product was 
p&:: 
extracted into Et20 and the extract was dried over MgS04. Removal of the solvent 
gave an oil which was distilled; bp 96 °C (0.1 mmHg). Yield: 4.87 g (93% ). Anal. 
Calcd for C14H13Br0: C, 60.7; H, 4.7. Found: C, 60.7; H 4.6. lH NMR (CDC13): 8 
3.39 (s, 3 H, OCH3), 5.67 (s, 1 H, CH), 7.09-7.54 (m, 9 H, ArH). EI MS: mlz 276 
([M]+), 121 ([PhCH20CH3]+) . . 
( ±)-[2-(Methoxyphenylmethyl)phenyl]diphenylphosphine (3.24) 
Chlorodiphenylphosphine (2.49 g, 0.01 mol) in THF (15 
mL) was added dropwise to a solution of a Grignard reagent 
prepared from 1-bromo-2-(methoxyphenylmethyl)benzene (2.79 
g, 0.01 mol) and Mg (0.26 g, 0.01 mol) in THF. The reaction 
mixture was heated under reflux for 30 min. The solvent was 
removed in vacuo and Et20 (50 rnL) followed by NH4Cl in H20 
( 100 rnL) were added. The product was extracted into Et20 and 
Ph OMe &PPh2 
the extract was dried over MgS04. The solvent was removed in vacuo leaving a 
colourless residue. Recrystallisation from hot EtOH gave the pure product. Yield: 1.60 
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g (42%); mp 73-75 °C. Anal. Calcd for C26H230P: C, 81.7; H, 6.1. Found: C, 81.3; H, 
5.9. lH NMR (CDC13): 8 3.20 (s, 3 H, OCH3), 6.18 (d, 4J8 p = 6.9 Hz, 1 H, CH), 
6.94-7.48 (m, 19 H, ArH). 31p{ lH} NMR (CDC13): 8 15.64 (s). EI MS: mlz 382 
([M] ·+), 367 ([M-CH3] ·+). 
(R* oR* As)/(R* oS*As)-( ±)-{[2-(Methoxyphenylmethyl)phenyl]diphenylphosphine-
O,P}methylphenylarsenic(Ill) hexafluorophosphate (3.22) 
To a solution of (±)-[2-
(methoxyphenylmethyl)phenyl]diphenylphosphine 
(0.92 g, 2.39 mmol) in CH2Cl2 (15 mL) was added 
iodomethylphenylarsine (1.50 g, 5.12 mmol), 
followed by N~PF6 (2.30 g, 0.014 mol) in H20 (15 
mL). The reaction mixture was stirred for 15 min. 
The product was extracted into CH2Cl2 and the 
extract was dried over MgS04. Removal of the 
rJ7Me 4 t+ 
Ph2P~fs-Ph PF6-
Me 
solvent gave a yellow residue which was recrystallised from CH2Cl2-Et20. Yield: 0.40 
g (24%); mp 150-151 °C. Anal. Calcd for C33H31AsF60P2: C, 57.1; H, 4.5. Found C, 
56.8; H, 4.6. Major diastereomer: l H NMR (CD2Cl2): 8 1.71 (br s, 3 H, AsCH3), 2.59 
(br s, 3 H, OCH3), 4.94 (br s, 1 H, CH), 6.77-7.84 (br m, 24 H, ArH). 31p{1H} NMR 
(CD2Cl2): 8 24.83 (s), -143.84 (sept, PF6-). Minor diastereomer: lH NMR (CD2Cl2): 
8 1.57 (br s, 3 H, AsCH3), 2.74 (br s, 3 H, OCH3), 5.13 (br s, 1 H, CH), 6.77-7.84 (br 
m, 24 H, ArH). 31p{ lH} NMR (CD2Cl2): 8 21.21 (s), -143.84 (sept, PF6-). FAB MS: 
m/z 549 ([M-PF6]+), 367 ([M-{AsMePh+PF6} ]+). 
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5.3.10 (R* c,R* As)l(R* c,S* As)-(+)-{ [2-(1-Benzyloxyethyl)-
phenyl]diphenylphosphine-0,P}methylphenyl 
arsenic(III) hexafluorophosphate 
( ±)-l-Bromo-2-(1-benzyloxyethyl)benzene (3.27) 
Benzylbromide (20.20 g, 0.117 mol) and 1-(2-
bromophenyl)ethanol (7.79 g, 0.038 mol) were added to a 
suspension of NaH (1.41 g, 0.058 mol) in THF (40 mL) at 0 
~ C. The reaction mixture was allowed to warm to room 
temperature and then was stirred for 20 h. The reaction 
mixture was cooled to O °C and was quenched with a 
saturated solution of sodium thiosulfate (15 mL). Water (35 
MG~Ph 
~ Br 
'~ 
mL) was added and the product was extracted into the Et20 (3 x 30 mL). The extract 
was dried over MgS04. Removal of the solvent gave a viscous oil which was distilled; 
bp 125-126 °C (0.4 mmHg). Yield: 10.55 g (94%). Anal. Calcd C15H15Br0: C, 61.9; 
H, 5.2. Found: C, 61.9; H, 5.0. 1H NMR (CDC13): 8 1.44 (d, 3JHH = 6.5 Hz, 3 H, 
CH3), 4.32 (d, 2IHH = 11.6 Hz, 1 H, PhCHH), 4.45 (d, 2IHH = 11.6 Hz, 1 H, PhCHH), 
4.92 (q, 3IHH = 6.4 Hz, 1 H, CHCH3), 7.10-7.61 (m, 9 H, ArH). EI MS: m/z 291 
([M]+), 91 ([PhCH2]+). 
( ±)-[2-(1-Benzyloxyethyl)phenyl]diphenylphosphine (3.28) 
Chlorodiphenylphosphine (4.91 g, 22.3 mmol) in 
THF (15 mL) was slowly added to a solution of a 
Grignard reagent, prepared from Mg (0.54 g, 22.2 mmol) 
and 1-bromo-2-(1-benzyloxyethyl)benzene (6.42 g, 22.1 
mmol) in THF (30 mL) at O °C. The solution was heated 
under reflux for 45 min. The solvent was removed in 
Me 
~O/"-....Ph 
ll)__pp~ 
vacuo and was replaced by Et20 (50 mL) and NH4Cl in H20 (50 mL). The product 
was extracted into Et20. The extract was dried over MgS04 and the solvent was 
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removed in vacuo affording a colourless residue. Recrystallisation from Et20-MeOH 
gave the pure product. Yield: 5.50 g (63%); mp 71-74 °C. Anal. Calcd for C27H250P: 
C, 81.8; H, 6.4. Found: C, 81.5; H, 6.2. lH NMR (CDCl3): 8 1.32 (d, 3JHH = 6.4 Hz, 3 
H, CH3), 4.09 (d, 2fHH = 11.6 Hz, 1 H, PhCHH), 4.28 ( d, 2fHH = 11.6 Hz, 1 H, 
PhCHH), 5.38 (p, 3JHH and 4lttp = 6.5 Hz, 1 H, CH), 6.89-7.71 (m, 19 H, ArH). 
31p{ lH} NMR (CDCl3): 8-17.42 (s). EI MS: mlz 395 ([M-HJ-+), 305 ([M-PhCH2]+). 
(R* 0 R* As)/(R* 0 S*As)-( ±)-{[2-(1-Benzyloxyethyl)phenyl]diphenylphosphine-
O,P}methylphenylarsenic(lll) hexafluorophosphate (3.29) 
To a solution of iodomethylphenylarsine 
(0.83 g, 2.83 mmol) and [2-(1-benzyloxyethyl) 
phenyl]diphenylphosphine (1.14 g, 2.87 mmol) in 
CH2Cl2 (15 rnL) was added NH4PF6 (9.98 g, 0.06 
mol) in H20 (15 mL). The reaction mixture was 
stirred for 30 min. The product was extracted into 
CH2Cl2 and the extract dried over MgS04. 
Me 
rµ?/"-.Ph ~ t+ 
Ph2~fs-Ph PF6-
Me 
Removal of the solvent gave a pale yellow residue. Recrystallisation from 
CH2CI2-Et20 gave the pure product. Yield: 0.57 g (28% ); mp 131-133 °C. Anal. 
Calcd for C34H33AsF60P2: C, 57.6; H, 4.7. Found C, 57.2; H, 4.8. Major 
diastereomer: lH NMR (CD2Cl2): 8 0.64 (s, 3 H, CH3), 1.52 (s, 3 H, AsCH3) , 3.99 (m, 
2 H, PhCH2,), 4.50 (q, 3fHH = 6.1 Hz, 1 H, CH), 6.92-8.09 (m, 24 H, ArH). 31p{ lH} 
NMR (CD2Cl2): 8 17.85 (s), -143.82 (sept, PF6-). Minor diastereomer: lH NMR 
(CD2Ch): 8 0.91 (s, 3 H, CH3), 1.52 (s, 3 H, AsCH3), 3.63 (s, 2 H, PhCH2,), 4.50 (q, 
3fttH= 6.1 Hz, 1 H, CH), 6.92-8.09 (m, 24 H, ArH). 3lp{1H} NMR (CD2Cl2): 8 17.85 
(s), -143.82 (sept, PF6-). FAB MS: m/z 563 ([M-PF6]+), 305 ([M-{PhCH2+PF6-} ]"+). 
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5.3.11 [S-(R*,R*)]l[R-(R*,S*)]-( + )5g9-{ [2-(1-
benzy loxyeth y 1 )pheny 1] dip hen y lphosphine-0, P }-
meth y lphen y larsenic(III) hexafluorophosphate 
(S)-(-) ss<rll-Bromo-2-(1-benzyloxyethyl)]benzene (3.27) 
To a solution of (S)-(-)-1-(2-bromophenyl)ethanol (3 .16 
g, 0.015 mol) in THF (20 mL) at O °C were added sodium 
hydride granuals (0.71 g, 0.029 mol) and benzylbromide (7.60g, 
0.044 mol). The reaction mixture was stirred for 40 hat room 
temperature. After this time, the reaction mixture was cooled to 
0 °C and was quenched with a · saturated solution of sodium 
thiosulfate. The product was extracted into Et20 (3 x 30 mL) 
Moe, ~Ph 
Br 
h' 
and the extract was dried over MgS04. Removal of the solvent gave an oil; bp 100-104 
°C (0.15 mmHg) Yield: 4.33 g, 99%. [a]21D = -46.30 (c 1.0, CH2Ch). Anal. Calcd 
C15H15BrO: C, 61.9; H, 5.2. Found: C, 62.6; H, 5.3. 1H NMR (CDCl3): 8 1.45 (d, 
3fHH = 6.3 Hz, 3 H, CH3), 4.32 (d, 21HH = 11.6 Hz, 1 H, PhCHH), 4.44 (d, 21HH = 11.6 
Hz, 1 H, PhCHH), 4.92 (q, 3fHH = 6.4 Hz, 1 H, CHCH3) 7.10-7.61 (m, 9 H, ArH). EI 
MS: m/z 275 ([M-CH3f +), 91 ([PhCH2]+). 
(S)-(-)ss<rl2-(l-Benzyloxyethyl)phenyl]diphenylphosphine (3.28) 
A solution of chlorodiphenylphosphine (3.09 g, 0.014 
mol) in THF (15 mL), was added to a Grignard reagent 
prepared from Mg (0.361 g, 0.0148 mol) and (S)-(-)-1-
bromo-2-(l-benzyloxyethyl)benzene (4.3 g, 0.015 mol) in 
THF (30 ml) at O 0 C. The reaction mixture was heated under 
reflux for 30 min and then was hydrolysed with NH4Cl (5.5 
~T~Ph 
OPPh2 
g) in H20 (30 ml). The product was extracted into Et20 and the extract was dried over 
MgS04. Removal of the solvent gave an oil which was recrystallised from 
Et20-MeOH. Yield: 3.77 g (68%); mp 64-66 °C. [a]21n = -71.17 (c 1.0, CH2Cl2). 
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Anal. Calcd for C27H250P: C, 81.8; H, 6.4. Found: C, 80.6; H, 6.0. 1H NMR (CDCl3): 
8 1.32 ( d, 3 lHH = 6.4 Hz, 3 H, CH3) , 4.10 ( d, 2JHH = 11.6 Hz, 1 H, PhCHH), 4.28 ( d, 
2JHH = 11.5 Hz, 1 H, PhCHH), 5.38 (m, 1 H, CH), 6.90-7.70 (m, 19 H, ArH). 3lp{1H} 
NMR (CDCl3): 8-17.22 (s). EI MS: mlz 395 ([M-Hl+), 305 ([M-PhCH2]+). 
[S-(R*,R* )]l[R-(R*,S*)J-( +) ss!T{[2-( l-benzyloxyethyl)phenyl]diphenylphosphine-
0,P}methylphenylarsenic(lll) hexafluorophosphate (S c,S As)l(SoRAs)-( + )-(3.29) 
(S)-[2-( 1-Benzyloxyethyl)phenyl]diphenyl-
phosphine ( 1.11 g, 2. 79 mmol) was added to a 
solution of iodomethylphenylarsine (0.83 g, 2.82 
mmol) in CH2Cl2 (20 mL), followed by Nl4PF6 
(9.0 g, 0.055 mol) in H20 (20 mL). The reaction 
mixture was stirred for 30 min and the product was 
extracted into CH2Cl2 and the extract dried over 
q¥Me O~Ph I 
it-Ph PF6-Ph2P__.. I 
Me 
MgS04. Removal of the solvent gave a yellow residue which was recrystallised as a 
colourless powder from CH2Cl2-Et20. Yield: 0.51 g (26%); mp 132-134 °C. [a]21D = 
+31.0 (c 1.0, CH2Cl2). Anal. Calcd for C34H33AsF60P2: C, 57.6; H, 4.7. Found: C, 
57.8; H, 4.7. Major diastereomer: lH NMR (CD2Cl2): 8 0.66 (br s, 3 H, CH3), 1.52 
(br s, 3 H, AsCH3), 3.98 (br m, H, OCH2Ph), 4.50 (q, 3JHH = 6.1 Hz, 1 H, CHCH3), 
6.91-8.80 (br m, 24 H, ArH). 31p{1H} NMR (CD2Cl2): 8 17.81 (s) , -143.84 (sept, 
PF6-), Minor diastereomer: 1 H NMR (CD2Cl2): 8 0.91 (br s, 3 H, CH3) , 1.52 (br s, 3 
H, AsCH3), 3.64 (br m, 2 H, OCH2Ph), 4.50 (q, 3J88 = 6.1 Hz, 1 H, CHCH 3), 
6.91-8.80 (br m, 24 H, ArH). 31p{1H} NMR (CD2Cl2): 8 17.81 (s) , -143.84 (sept, 
PF6-). FAB MS: m/z 563 ([M-PF6-J+), 305 ([M-{PF6-+AsMePh+CH2Ph}]+). 
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5.4 Experimental Section: Chapter 4 
5 .4.1 (R* c,R* As)/(R* c,S* As)-(+)-( 4-pheny l-4,5-dihydro-3H-
dinaphtho [2, 1-c; 1 '2' -e ]phosphepine-P)-
methylphenylarsenic(III) hexafluorophosphate 
( ±)-2,2 '-Dimethyl-1,1 '-binaphthyl ( 4.4)17 
The preparation of this compound is based upon 
literature methods. A Grignard solution prepared from 1-
bromo-2-methy lnaphthalene (20.00 g, 0.09 mol) and Mg 
(2.42 g, 0.100 mol) in 1:1 diethylether-benzene (150 mL), 
was added rapidly to a solution of 1-bromo-2-
methylnaphthalene ( 18.20 g, 0.08 mol) containing 
bis(triphenylphosphine)dichloronickel (1 g, 1.5 mmol) in 
~ 
0 
135 
CH3 
CH3 
diethyl ether (100 mL). Following addition, the dark brown reaction mixture was 
heated under reflux for 20 h. The reaction mixture was cooled to O °C and hydrolysed 
with H20 (100 mL), followed by 20% hydrochloric acid (100 mL). The organic phase 
was separated, washed with H20 (100 mL) and the extract dried over MgS04. The 
sol vent was removed under reduced pressure and the product was distilled as a glassy 
oil, bp 180-190 °C (0.2 mmHg). Yield: 18.76 g (81 %). lH NMR (CDC13): b 2.03 (s, 
6H, CH3), 7.02-7.90 (m, 12 H, ArH). 
(±)-[{Li(TMEDA)h{(2-CH2C10H6)i}] (4.5)1 8 
The preparation of this compound is 
based on literature methods. A solution of n-BuLi / ~ 
in hexane (55.5 mL, 75 mmol) was concentrated in 
vacuo and the residual oil was redissolved in 
diethyl ether (25 mL). After cooling this mixture 
to O °C, 2,2'-dimethyl-1, 1 '-binaphthyl (8.84 g, 
313.3 mmol) in diethyl ether (25 mL) was slowly 
0 CH2Li 
CH2Li 
2TMEDA 
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added, followed by tetramethylethylenediamine (8.72 g, 11.30 mL, 75 mmol). The 
solution was left to stand for 20 h. The resulting dark red crystalline solid was filtered, 
washed with n-hexane and dried in vacuo. Yield: 11.20 g (68%), mp 160 °C. 
(±)-4-Phenyl-4,5-dihydro-3H-dinaphtho[2,1-c;l',2'-e]phosphepine (4.3) 19 
Dichlorophenylphosphine (2.38 g, 0.013 mol) in 
THF (25 mL) was slowly added to a solution of 
[{Li(TMEDA)}2{(2-CH2C10H6h}] (6 .37 g , 
0.012 mol) in THF (50 mL) at O °C. The reaction 
mixture was stirred at room temperature for 20 h. 
The sol vent was removed and replaced with 
CH2Cl2 (50 mL) and H20 (50 mL). The product 
was extracted into CH2Cl2 and the extract was 
-0 
dried over MgS04. The solvent was removed to give a yellow powder, which was 
purified by flash chromatography. Yield: 1.15 g (24 %). lH NMR (CDCl3): 8 2.65-2.70 
(m, 4 H, CH2), 6.83-7.89 (m, 17 H, ArH). 31p{1H} NMR (CDCl3): 8 6.99 (s). 
(R* c,R*As)l(R* c,S* As)-(±)-( 4-Phenyl-4,S-dihydro-3H-dinaphtho[2,1-c; 1 ',2 '-
e ]phosphepine-P)methylphenylarsenic(Ill) hexafluorophosphate ( 4. 6) 
Iodomethylphenylarsine (0.96g, 3.3 
mmol) in CH2Cl2 (10 mL) was added to a 
solution of 4-phenyl-4,5-dihydro-3H-
dinaphtho[2, 1-c; l ',2'-e ]phosphepine (0.57 g, 
1.5 mmol) in CH2Ch (15 mL) , followed by 
Nli4PF6 (2.50 g, 0.015 mol) in H20 (20 mL). 
The reaction mixture was stirred for 30 min. 
0 p"' + 
~ PF6-
Me Ph 
The product was extracted into the organic phase and the extract was dried over 
MgS04. Removal of the solvent gave a residue which was recrystallised from 
CH2Cl2-Et20. Yield: 0.15 g (15%); mp 219-220 °C. Anal. Calcd for C35H29AsF6P2: 
C, 60.0; H, 4.2. Found C, 59.7; H, 4.3. 1H NMR (acetone-d6): 8 1.80 (s, 3 H, AsCH3), 
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3.67-3.81 (m, 2 H, CH2), 4.28-4.36 (m, 1 H, CHH), 4.44-4.51 (m, 1 H, CHH), 
7.10-8.33 (m, 22 H, ArH). 3lp{lH} NMR (acetone-d6): 8 38.07 (s), -142.5 (sept, 
PF6-). ES MS: m/z ([M-PF6-]+). 
5 .4.2 (R* c,R* As)/(R* c,S* As)-(+)-{ 4-(2-Methoxymethylphenyl)-
4,5-dihydro-3H-dinaphtho[2, 1-c; 1 '2' -e ]phosphepine-
p} meth y lphen y larsenic(III) hexafluorophosphate 
(2-Methoxymethylphenyl)dichlorophosphine ( 4.8) 
To chlorobis(diethylamino)phosphine (25.78 g, 
0.122 mol) dissolved in THF (200 rnL) at -78 °C was 
slowly added a solution of a Grignard reagent prepared 
from Mg (3.63 g, 0.149 mol) and l-bromo-2-
methoxymethylbenzene (30.0 g, 0.149 mol) in THF (200 
rnL). The mixture was stirred for 1 h at room temperature. 
CCOMe PCl2 
The solvent was removed and replaced with n-hexane (300 mL). Then-hexane mixture 
was stirred for 12 h and the mixture was filtered. The filtrate was treated with dry HCl 
for 15 min and the resulting solution was decanted off the inorganic salts. The solvent 
was removed in vacuo, affording a cloudy oil. The oil was distilled to give a clear 
liquid; bp 82-84 °C (0.15 mmHg). Yield: 17.77 g (65%). Anal. Calcd for CgH9Cl20P: 
C, 43.1; H, 4.1; Cl, 31.7. Found: C, 44.5; H, 4.4; Cl, 31.0. lH NMR (CDCl3): 8 3.40 
(s, 3 H, OCH3), 4.71 (s, 2 H, CH2), 7.26-7.31 (m, 1 H Arif), 7.43-7.50 (m, 2 H, Arif), 
8.20-8.22 (m, 1 H, ArH). 3lp{1H} NMR (CDCl3): 8 158.59 (s). EI MS: m/z 223 
([M]"+). 
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( ±)-4-(2-Methoxymethylphenyl)-4,5-dihydro-3H-dinaphtho[2,1-c; 1 ',2 '-e ]phosphepine 
(4.9) 
(2-Methoxymethy 1 pheny l)dichloro-
phosphine (3.36 g, 0.015 mol) in THF (25 mL) 
was slowly added to a stirred solution of 
[{Li(TMEDA)h{(2-CH2C10H6h}] (7.39 g, 
0.014 mol) in THF (50 mL) at O 0 C. Following 
addition, the reaction mixture was stirred for 20 
h at room temperature. The solvent was 
~ 
-0' y 
OMe 
removed, CH2Cl2 (50 mL) and H20 (50 mL) were added. The product was extracted 
into CH2Cl2 and the extract was dried over MgS04. The solvent was removed in vacuo 
to give a yellow powder. The phosphepine was purified by flash chromatography. 
Yield: 1.16g (18%). lH NMR (CDCl3): 8 2.72-3.25 (m, 4 H, CH2) , 3.43 (s, 3 H, 
OCH3), 4.59 (d, 21HH = 10.8 Hz, 1 H, CH2) 4.87 (d, 21HH = 10.8 Hz, 1 H, CH2) 
6.80-7.93 (m, 16 H, ArH). 31p{1H} NMR (CDCl3): 8 -9.62 (s). EI MS: m/z 432 
([M] ·+), 417 ([M-CH3] ·+). 
(R* c,R*As)/(R* c,S*As)·(±)-{4-(2-Methoxymethylphenyl)-4,5-dihydro-3H-
dinaphtho[2,1-c; 1 ',2 '-e ]phosphepine-0,P}methylphenylarsenic(III) 
hexafluorophosphate ( 4. 7) 
Io do me thy Ip hen y 1 arsine 
(0.70 g, 2.39 rnmol) was added to a 
solution of 4-(2-methoxymethyl-
phenyl)-4,5-dihydro-3H-dinaphtho[2, 
1-c;l',2'-e]-phosphepine (1.16 g, 2.70 
mmol) in CH2Cl2 (10 mL), followed 
by NH4PF6 ( 4.20 g, 0.025 mol) in 
X p" /°'-Me -~ + PF6 As 
/ 'Ph Me 
H20 (15 rnL). The reaction mixture was stirred for 30 min. The product was extracted 
into the organic phase and the extract was dried over MgS04. The solvent was 
removed to give a colourless residue and the product was recrystallised from CH2Cl2-
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Et20. Yield: 0.71 g (35%); mp 164-168 CC. Anal. Calcd for C37H33AsF60P2: C, 
59.7; H, 4.5. Found C, 59.6; H, 4.7. lH NMR (CD2Cl2): 8 1.38 (s, 3 H, AsCH3), 2.29 
(br s, 1 H, CHH), 3.51-3.71 (m, 5 H, OCH3 and CH2), 3.90-3.97 (m, 1 H, CHH), 4.47 
(d, 2fHH = 12.9 Hz, 1 H, CHH), 4.59 (d, 2fHH = 12.5 Hz, 1 H, CHH), 6.99-8.28 (m, 21 
H, ArH). 3lp{ lH} NMR (CD2Cb): 8 39.8 (s) major, 37.9 (s) minor, -144.9 (sept, 
PF6-). ES MS: m/z 599 ([M-PF6-J+), 433 ([M-{AsMePh+PF6}+H]+). 
5.4.3 [S-(R*,R*)]/[R-(R*,S*)]-( + )589-{ 4-(2-methoxymethylphenyl)-
4,5-dihydro-3H-dinaphtho[2, 1-c; 1 ',2'-e ]phosphepine-
0, P} me thy 1 phen y larsenic (III) hexafl uorophosphate 
(S)-(-) 589-4-(2-Methoxymethylphenyl)-4,5-dihydro-3H-dinaphtho[2,1-c; 1 ',2 '-
e ]phosphepine (4.9) 
(2-Methoxymethy 1 pheny l)dichlorophosphine 
(2.34g, 10.5 mmol) in THF (25 mL) was slowly 
added to a solution of (Sc)-[ {Li(TMEDA) }2{2-
CH2C10H6h}] (4.61 g, 8.7 mmol) in THF (50 
mL) at O CC. The reaction mixture was stirred at 
room temperature for 20 h and the solvent was 
removed under vacuum. CH2Cl2 (30 mL) and 
y 
OMe 
H20 (30 mL) were added and the phosphepine was extracted into CH2Cl2 (2 x 20 mL). 
The extracts were dried over MgS04 and the solvent was removed in vacuo affording a 
yellow oil which was purified by flash chromatography. Recrystallisation from 
CH2Cl2-n-hexane afforded the pure product. Yield: 0.55 g (15% ); mp 239-240 CC. 
[a]2lo = -180.0 (c 1.0, CH2Cl2). Anal. Calcd for C30H250P: C, 83.3; H, 5.8. Found: 
C, 82.3; H, 5.9. lH NMR (CDCl3): 8 2.70-3.03 (m, 4 H, CH2P), 3.45 (s, 3 H, OCH3), 
4.60 (d, 2JHH = 11.1 Hz, 1 H, CHHO), 4.87 (dd, 21HH = 11.1 Hz, 2fHP = 2.4 Hz, 1 H, 
CHHO), 6.81-7.94 (m, 16 H, ArH). 3lp{1H} NMR (CDCl3): 8-9.62 (s). EI MS: m/z 
432 ([M]+), 417 ([M-CH3]"+). 
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[S-(R*,R* )]l[R-(R, *s* )]-( + )58g-{4-(2-methoxymethylphenyl)-4,5-dihydro-3H-
dinaphtho[2,1-c; 1 ',2 '-e ]phosphepine-0,P}methylphenylarsenic(Ill) 
hexafluorophosphate (S0 S As)/(S0 RAs)·( + )-( 4. 7) 
Iodomethylphenylarsine (83 mg, 
0.28 mmol) was added to (S)-(-)-
4-(2-methoxymethylphenyl)-4,5-
dihydro-3H-dinaphtho[2, 1-c; l ',2'-
e ]phosphepine (100 mg, 0.23 
mmol) in CH2Cli (2 mL), 
followed by NH4PF6 (400 mg, 2.5 
mmol) in H20 (2 mL). The 
reaction mixture was stirred for 30 
Me 0 
140 
min. The product was extracted into CH2Cli (2 x 5 mL) and the extracts were dried 
over MgS04. The solvent was removed affording a colourless residue. This was 
crystallised from CH2Cl2-Et20 as colourless needles. Yield: 151 mg (88% ); mp 
179-180 °C. [a]21D = + 71.3 (c 1.0, CH2 Cl2). Anal. Calcd for 
(C37H33AsF60P2)4(CH2Cl2)(C4H10D): C, 58.6; H, 4.6. Found C, 58.5; H, 4.7. lH 
NMR (CD2Cl2): 8 1.38 (d, 3JHP = 14.4 Hz, 3 H, AsCH3), 2.29 (m, 1 H, CHH), 
3.51-3.71 (set of m, 5 H, OCH3 and CH2), 3.90-3.97 (m, 1 H, CHH), 4.47 (d, 2JHH = 
12.9 Hz, 1 H, CHH), 4.59 (d, 21HH = 12.5 Hz, 1 H, CHH), 6.99-8.28 (m, 21 H, ArH). 
31p{ lH} NMR (CD2Cl2): 8 41.1 (s) major, 39.2 (s) minor, -143.7 (sept, PF6-). ES MS: 
m/z 599 ([M-PF6-J+), 433 ([M-{ AsMePh+PF6} +HJ+). 
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5 .4.4 [S-(R*,R*) ]l[R-(R*, S*) ]-(-)589-{ 4-(2-Methoxymethylphenyl)-
4,5-dihydro-3H-dinaphtho[2, 1-c; 1 ',2'-e ]phosphepine-
0, P} meth y lnaphth y larsenic(III) hexafluorophosphate 
[S-(R*,R* )]l[R-(R*,s* )]-(-) 589-{4-(2-M ethoxymethylphenyl)-4,5-dihydro-3H-
dinaphtho[2,1-c; 1 ',2 '-e ]phosphepine-0,P}methylnaphthylarsenic(lll) 
hexafluorophosphate (SoSAs)/(SoRAs)-(-)-(4.13) 
Iodometh y lnaphthy I arsine 
(92 mg, 0.27 mmol) in CH2Cl2 (2 
rnL) was added to a solution of (S)-
4-(2-methoxymethylphenyl)-4,5-
dihydro-3H-dinaphtho[2, 1-c; 1 ',2'-
e] phosphepine (100 mg, 0.23 
mmol) in CH2Cl2 (2 mL), followed 
by NH4PF6 (500 mg) in H20 (3 
mL). The reaction mixture was 
R~ 
'\+ /°" McP/As Me 
I/ ~ 
I/ -
pp6-
stirred for 30 min. The product was extracted into CH2Cl2 (2 x 5 mL) and the extracts 
were dried over MgS04. The solvent was removed which afforded a colourless residue. 
Recrystallisation from CH2Cl2-Et20 gave the pure product as colourless needles. 
Yield: 178 mg (97%); mp 203-204 °C. [a]21D = -72.1 (c 1.0, CH2Cl2). Anal. Calcd 
for (C41H35AsF60P2)4(CH2Cl2)(C4H100): C, 60.8; H 4.6. Found C, 60.8; H 4.6. lH 
NMR (CD2Cl2): 8 1.50 (d, 3JHP = 12.0 Hz, 3 H, AsCH3), 2.45 (m, 1 H, OCHH), 3.10 
(m, 1 H, OCHH), 3.56-3.66 (m, 4 H, OCH3 and PCHH), 4.05 (dd, 2fHH = 8.0 Hz, 2JHP 
= 13.4 Hz, 1 H, PCHH), 4.48 (dd, 21HH = 12.2 Hz, 21HP = 17.0 Hz, 2 H, PCH2), 
6.61-8.34 (m, 23 H, ArH). 31p{1H} NMR (121.5 MHz): 8 38.20 (s, minor), 42.47 (s, 
major), -143.70 (sept, P F6-). ES MS: ml z 649 ([M-PF6-l +), 433 
([M-(PF6+AsNapMe)]+). 
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5 .4.5 [S-(R*,R*)]l[R-(R*,S*)]-( + )589-{ 4-(2-Methoxymethylphenyl)-
4,5-dihydro-3H-dinaphtho[2, 1-c; 1 ',2'-e ]phosphepine-
0,P} mesitylmethylarsenic(III) hexafluorophosphate 
( ±)-Bromomesitylmethylarsine 
Bromine (10.87 g, 68 mmol) in CH2Cl2 (25 mL) was 
slowly added to a solution of dimethylmesitylarsine (14.0 g, 
62 mmol) in CH2Ch (75 mL) at O °C. Following addition, 
the resulting mixture was stirred for 1 h at room 
temperature. The solvent was removed under vacuum 
affording an orange solid. The solid was decomposed at 
50-80 °C (0.3 mmHg), affording a pale yellow liquid which 
M 
Br, ./Me 
s 
Me 
Me 
was purified by distillation; bp 110-115 °C (0.2 mm Hg). Yield: 17.68 g (99%). Anal. 
Calcd for C10H14AsBr: C, 41.6; H 4.9. Found: C, 41.6; H 4.8. lH NMR (CDCl3): 
8 2.15 (s, 3 H, AsCH3), 2.27 (s, 3 H, p-CH3), 2.63 (s, 6 H, o-CH3), 6.88 (s, 2 H, ArH). 
I3C NMR (75.46 MHz): 8 16.29 (s, AsCH3), 20.98 (s, p-CH3), 22.71 (s, o-CH3), 
129.87 (ArC), 133.85 (ArC), 140.78 (ArC), 143.63 (ArC). ES MS: m/z 288 ([M]-+), 
273 ([M-Me]-+), 119 ([M-AsMeBr]-+). 
(±)-Iodomesitylmethylarsine (4.15) 
Bromomesitylmethylarsine (15.0 g, 52 mmol) in 
acetone (25 mL) was added slowly to a solution of NaI 
(11.7 g, 78 mmol) in acetone (100 mL). NaBr precipitated 
immediately and a bright orange mixture was obtained. The 
reaction mixture was filtered and the product was extracted 
from the solid NaBr with acetone washings. The extracts 
were combined and the solvent removed under vacuum. 
M 
~./Me 
s 
Me 
Me 
Excess iodide was removed with an aqueous solution of sodium thiosulfate. The 
product was extracted into CH2Cl2 and the extract dried over MgS04. The solvent was 
removed and the product was distilled affording an orange liquid; bp 100-105 °C (0.2 
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mm Hg). Yield: 15.93 g (91 %). Anal. Calcd for C10H14Asl: C, 35.7; H 4.2. Found: 
C, 35.9; H 4.1. lH NMR (CDCb): 8 2.24 (s, 3 H, AsCH3), 2.27 (s, 3 H, p-CH3), 2.59 
(s, 6 H, o-CH3), 6.86 (s, 2 H, ArH). 13C NMR (CDCl3): 8 12.94 (s, AsCH3), 20.96 (s, 
p-CH3), 23.12 (s, o-CH3), 129.72 .(ArC), 131.12 (ArC), 140.62 (ArC), 143.82 (ArC). 
ES MS: m/z 336 ([M]-+), 209 ([M-I]+), 119 ([M-AsMeI]+). 
[S-(R*,R*)Jl[R-(R*,S*)J-( + )58g-{4-(2-Methoxymethylphenyl)-4,5-dihydro-3H-
dinaphtho[2,1-c; 1 ',2 '-e ]phosphepine-0,P}mesitylmethylarsenic(Ill) 
hexafluorophosphate (Sc,S As)l(Sc,RAs)-( + )-( 4.14) 
Iodomesi ty lmethy !arsine 
(0.077 g, 0.23 mmol) in CH2Ch (2 
mL) was added to (S)-(-)-4-(2-
methoxymethylphenyl)-4,5-
dihydro-3H-dinaphtho[2,1-c; l ',2'-
e ]phosphepine (0.100 g, 0.23 mmol) 
in CH2 Cl2 (2 mL), followed by 
N~PF6 (0.4 g, 2.3 mmol) in H20 
(2 mL). The reaction mixture was 
stirred for 30 min. The product was 
~ /J 
p~~/0--~e As 
Mi I~ 
M ---.:: Me 
PF6-
extracted into CH2Cl2 and the extract dried over MgS04. The solvent was removed 
under vacuum to give a pale yellow residue which was crystallised as a white powder 
from CH2C}i-Et20. Yield: 0.066 g (36%); mp 14&-147 °C. [a]21D = +53.6 (c, 1.0, 
CH2Cl2). Anal. calcd for C40H39AsF60P2.CH2Cl2: C, 56.5; H 4.7. Found C, 56.3; H 
5.1. 1H NMR (CD2Ch): 8 1.56 (s, 3 H, AsCH3), 2.16 (s, 6 H, o-CH3), 2.26 (s, 3 H, p-
CH3), 3.54-3.72 (m, 7 H, CH2 and OCH3), 4.69 (m, 2 H, CH2), 6.91-8.05 (m, 18 H, 
ArH). 31p{ lH} NMR (CD2Cl2): 8 41.5 (s, minor), 46.7 (s, major), -143.7 (PF6-). ES 
MS: m/z 641 ([M-PF6-J+), 209 ([MesMeAs]+). 
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ORTEP diagram of the cation of (±)-2.14 (thermal ellipsoids enclose 30% probability 
levels). 
molecular formula C25H23AsF6P2 
MW [g mol-1] 574.32 
space group P21/c 
crystal system monoclinic 
a [AJ 10.7775(2) 
b [AJ 17.7987(3) 
C [A] 13.3797(2) 
a[°] 90 
/3 [°] 109.066(1) 
y[°] 90 
V[A3] 2425.78(7) 
z 4 
Deale. [g cm-3] 1.572 
crystal size [mm] 0.24 X 0.20 X 0.12 
µ [mm-I] 1.592 
no. of unique reflcns 5543 
no. of reflcns obsd 4898 (1>2.00cr(I)) 
2 () range [0 ] 3-27 
scan technique CCD 
temperature [K] 200 
final R, Rw 0.0403, 0.0447 
Appendix B 
ORTEP diagram of the cation of 2.18 (thermal ellipsoids enclose 30% probability 
levels). 
molecular formula C12H22AsIP2 
MW [g mol-1] 430.08 
space group P21/n 
crystal system monoclinic 
a [AJ 12.538(3) 
b [AJ 11.324(6) 
C [A] 12.668(2) 
a[°] 90 
/J [o] 105.86(1) 
y[°] 90 
V [A3] 1730.1(8) 
z 4 
Deale. [g cm-3] 1.651 
crystal size [mm] 0.41 x0.16x0.13 
µ [mm-I] 3.887 
no. of unique reflcns 5320 
no. of reflcns obsd 2791 (/> 2.00cr(I)) 
2e range[°] 6-60 
scan technique Ct) 
temperature [K] 296 
final R, Rw 0.047, 0.051 
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Appendix C 
g ,~ 
P~t 
OPTEP diagram of the cation of (±)-3.6 (thermal ellipsoids enclose 30% probability 
levels). 
molecular formula C27H27AsF60P2 
MW [g mol-IJ 618.37 
space group P-1 
crystal system triclinic 
a [AJ 10.8077(2) 
b [AJ 10.9741(2) 
C [AJ 13.5648(2) 
a [OJ 99.0162(9) 
/3 [OJ 105.2121(9) 
y[o] 116.4717(9) 
V [A3J 1318.11(5) 
z 2 
Deale. [g cm-3] 1.558 
crystal size [mm] 0.25 X 0.24 X 0.23 
µ [mm-lJ 1.473 
no. of unique reflcns 7699 
no. of reflcns obsd 6161 (/>2.00cr(I)) 
2e range[°] 4-30 
scan technique CCD 
temperature [K] 200 
final R, Rw 0.0332, 0.0396 
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ORTEP diagram of the cation of (Sc,RAs)-(-)-3.17 (thermal ellipsoids enclose 30% 
probability levels). 
molecular formula 
MW [g mol-1] 
space group 
crystal system 
a [AJ 
b [AJ 
C [A] 
a[°] 
fi [°] 
y[°] 
V[A3] 
z 
Deale. [g cm-3] 
crystal size [mm] 
µ [mm-I] 
no. of unique reflcns 
no. of reflcns obsd 
28 range[°] 
scan technique 
temperature [K] 
final R, Rw 
Flack parameter 
C23H29AsF60P2 
632.4 
Pl 
triclinic 
8.7202(4) 
9.0512(4) 
9.3942(4) 
74.583(3) 
86.680(3) 
81.313(3) 
706.47(5) 
1 
1.486 
0.16 X 0.15 X 0.09 
1.38 
4867 
4457 (/>2.00cr(I)) 
4-25 
CCD 
250(1) 
0.0491, 0.0598 
-0.0024(8) 
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CI(! ) 
C(5) 
C(24) 
ORTEP diagram of (Sc,R As)-(±)-3.21 (thermal ellipsoids enclose 30% probability 
levels). 
molecular formula C2sH23AsClN 
MW [g mol-1] 564.3 
space group P212121 
crystal system orthorombic 
a [AJ 9.9468(1) 
b [AJ 13.5370(2) 
C [A] 18.6809(2) 
a[°] 90 
/3 [°] 90 
y[°] 90 
V [A3] 2515.38(4) 
z 4 
Deale. [g cm-3] 1.49 
crystal size [mm] 0.25 X 0.11 X 0.10 
µ [mm-I] 2.161 
no. of unique reflcns 7346 
no. of reflcns obsd 6019 (1>2.00cr(I)) 
2e range [0 ] 3-30 
scan technique 0) 
temperature [K] 200(1) 
final R, Rw 0.0309, 0.0321 
Flack parameter 0.0001(8) 
Appendix F 
C29 
~\' 
\ 
ORTEP diagram of the cation of (Sc,S As)-(±)-3.29 (thermal ellipsoids enclose 30% 
probability levels). 
molecular formula 
MW [g mol-1] 
space group 
crystal system 
a [AJ 
b [AJ 
C [A] 
a [o] 
/3 [°] 
y[°] 
V [A3] 
z 
Deale. [g cm-3] 
crystal size [mm] 
µ [mm-1] 
no. of unique reflcns 
no. of reflcns obsd 
2e range [0 ] 
scan technique 
temperature [K] 
final R, Rw 
Flack parameter 
C34H33AsF60P2 
724.0 
P21 
monoclinic 
9.1603(1) 
15.1937(2) 
11.4508(2) 
90 
96.2937(9) 
90 
1584.10(3) 
2 
1.485 
0.28 X 0.17 X 0.12 
1.24 
8207 
7081 (1>2.00cr(I)) 
4-30 
CCD 
200(1) 
0.0362, 0.0447 
0.0021(3) 
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C I6 
C35 
C27 
C4 
ORTEP diagram of (Rc,Sc)-(-)-4.10 (thermal ellipsoids enclose 30% probability 
levels). 
molecular formula C42H43Cl5NOPPd 
MW [g mol-1] 892.45 
space group P21 
crystal system monoclinic 
a [AJ 9.9907(1) 
b [AJ 10.6372(1) 
C [A] 18.9362(2) 
a [o] 90 
J3 [o] 90.3233(7) 
y[°] 90 
V[A3] 2012.38(3) 
z 2 
Deale. [g cm-3] 1.473 
crystal size [mm] 0.27 X 0.24 X 0.09 
µ [mm-1] 0.867 
no. of unique reflcns 11662 
no. of reflcns obsd 11243 (1>2.00cr(I)) 
2 (J range [°] 4-30 
scan technique 0) 
temperature [K] 200 
final R, Rw 0.0346, 0.0463 
Flack parameter 0.0023(7) 
154 
AppendixH 
C25 
C24 
C4 
CI6 
C36 
C35 
OR TEP diagram of the cation of (Sc,R As)-(+ )-4. 7 ( ellipsoids enclose 30% probability 
levels). 
molecular formula C37H33AsF60P2 
MW [g mol-1] 783.64 
space group P6522 
crystal system hexagonal 
a [AJ 16.3718(1) 
b [AJ 16.3718(1) 
C [A] 46.9955(3) 
a[°] 90 
/3 [o] 90 
y[°] 120 
V [A3] 10908.9(1) 
z 12 
Deale. [g cm-3] 1.431 
crystal size [mm] 0.20 X 0.11 X 0.11 
µ [mm-I] 1.110 
no. of unique reflcns 6428 
no. of reflcns obsd 5523 (1>3.00cr(I)) 
28 range[°] 3-25 
scan technique co 
temperature [K] 200 
final R, Rw 0.0495, 0.0558 
Flack parameter 0.013(9) 
